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s the results of a nmultivaviate analysis of the data on {our 


SUMMARY. The papor discus: 
th preperties, namely 
maxinum crushing Stress for samples of teak consignments obtained from natural forests in cloven loca- 
und from plantation forests in nine localities of the India-Burma region and tested for physical and 
ength properties at the Forest Research Institute, Dehra Dun. Following the procedure 
20 for forming group-constellations on the basis of Mahalanobis’ D2-statistic it was 


important strong ccific gravity, modulus of rupture, modulus of elasticity and 


lities 
mechanical str 
developed by C. RB. F t 
found that the localiti 
-grOWn teak into three 


os of natural-grown teak could be classified into five groups and the localities of 


i TOUPS. 
pluntatior Erou} 


1. INTRODUCTION 


A very large number of species of timber grows in the forests of India, which 
are of commercial importance. In the past. engineers and others believed in the use 
of only steel and reinforced Sonate for all types of constructional work. They 
had no idea of the value of Rd timbers as good substitutes for steel for many pur- 
| during the economic stress in the country, the resources of indigenous 
imber and their utility for a variety of purposes were exploited and estab- 


he Forest Research Institute, Dehra Dun. 


poses, unti 
species of t 
lished by t 

The 
established in hl 
ties of more th 


Timber Mechanics Branch of the Forest Research Institute, which was 
921, has collected extensive data on the physical and mechanical 
an 250 indigenous species of timber. Most of these species are 


proper j ; a Sas - 
found in abundant and commercially exploitable quantities in the forests of the Indian 
Union. It should be mentioned here that in general five trees are used to estimate 


the average strength of a species rom a particular locality or region. 


Central Statistical Organisation, Government of India. New Delhi, 


1 The author is now with the 


1 


VoL. 22] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [Pars l&2 


The different types of tests of Physical and mechanical Strencath that are 
ried out in the Timber Mechanics Branch of the Forest Research 
Strength properties whieh are derived from the 


Calle 
Institute and the 
56 tests are explained in the Appendix. 
The Timber Mechanics Branch of the Forest I 
fentative classification of 
ability figures in 


tesearch Institute has made 
a large number of species of timber 
a number of Categories. For example, taking the property “strength 
AS a beam,” there are Six categories, namely. 

(3) Strong (4) Moderately Strong (5) We 
1957). According to the. 
for a Variety of purposes 
Are recommended. 


according to their suit- 


(1) Extremely Strong (2) Very strong 
ig rs (see Limavye 
ak and (6) Very wenk timbers (see Limay 


y “PRY টী AEs Species 
Se tentative classifications the usefulness of different || 


s 3 - 1° of foreian species 
and as good Substitutes to tnported timber of foreign sf 


The Timber Mechanics 
Several years stre 
from different lo 
Li natural-grow 


is | i sourse of 
ranch of the FRI had collected in the course < 


ngth data of 20 consignments of Teak (Tectona grandis) obtained 
alities of Indin and 
n localities and 9 plant ৰ 
“Were obtained from each locality for determining the strength Pinboitios,. On Bio 
nce the Offficer-in- Charge of the TP. M. 
Sroups from 17 out of these twenty Tes 
Physical and mechanical Properties. 


of South-West Burma, East and South India which is categorised 
The other group of localities represented the 


Pradesh and Bombay and categorised as ‘W' 


Surma. ‘These consignments consisted of 
SA jwe. trees in senor 
ation-grown localities. Five trees in E % 
i i i ade tw alive 
basis of his experie Branch made two tentati j 
Uc-growing localities with regard to thei 
One group represented x number of localities 
as ‘Strong’ Teak. 
Central Indian region including Madhyu 
eaker' Teak (see Limaye 1946). 

A few years ago, the entire data of 
Officer-in- Charge, T. 
Statistical Branch 
his tentative gr 


20 consignments of ‘Teak were sent by the 


NM. Branch to the first author for analysing the data in the 


gl PR SE OS 3s with 
Using modern Statistical methods and to compare the results wit 


fl 6 UNA 1) 
two categories as mentioned above. ‘The problen 
Y the authors and the 
alysis by determining | 
Asatf rr . Gd i BIT sical anc 
assify the ‘Teak consignments (localities) according to their physical an 
mechanical Properties. 


Multivariate an 
adopted to el 


্ ' he 
application of standard methods iis 

i চ{) ical variates 
the discriminant functions and canonical vari 


b will not be out of pl 

* Properties listed in ld not be determined individually 
from each Specimen tested due to Varying types of tosting procedures some of hott 
Were destructive. It was therefore not Possible to consider the individual specimens 
28 the primary unit of Observation of the Strongth properties for the analysis of data 
for this Particul 


s. 5) * 3 ort g 
‘The Only way was to consider for each strength property 
Specimens from @ tree for 


Since there Were not more than 5 tr 


ere consider 
1b of view of 
These are (1) 


ce to mention her 


s ha ber 
© that values of the large num 
the Appendix Cou 


that property as the primary unit 


only 4 Strength 
Charge, T. M. 3B 


Present st. 


66s in any consignment or locality 
ed very important by the Officer-in- 
their utility, have been selected in the 
Specific gravity (2) modulus of 1upture 


Tanch, from the poi 
tistical investigation. 
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ON CLASSIFICATION OF NATURAL AND PLANTATION TEAK 


(3) modulus of elasticity in bending and (4) maximum crushing stress in compression 
parallel to grain test. 

The analyses of data for the natural-grown and plantation-grown teak have 
been done separately in this paper. 


2, VARIATION BETWEEN THE LOCALITIES WITH REGARD TO INDIVIDUAL PROPERTIES 


The results of analysis of variance of a single property given in the earlier 
paper by the authors show that there is significant difference from locality to locality 
in the mean values of all the four properties of natural-grown teak and of two of 
the properties, namely, maximum crushing stress and modulus of elasticity of 
plantation-grown teak. 

Tables 1 and 2 give the general mean values (mean of tree means) of the four 
properties, namely, specific gravity, modulus of rupture, modulus of elasticity and 
maximum crushing stress for 11 localities of natural-grown and 9 localities of planta- 
tion-grown teak respectively which have been used in the analysis. These mean 
values expressed as percentages of the general mean of all the localities in each type 
of growth (natural or plantation as the case may be) are also given in Tables 3 and 4 
respectively. The large range of the mean values and the comesponding percentage 
figures in the two sets of tables suggest that there can be a number cf strength-wise 
groups of the localities in each of the two types of growth, as against the pepular 
classification into only two groups. 


TABLE 1. VALUES OF GENERAL MEAN FOR DIFFERENT LOCALITIES 
(NATURAL-GROWN TEAK) 
—— — — — —— 
modulus of modulus of maximum 
no. of specific rupture in elasticity in crushing stress 
locality with symbol trees gravity units of 10,000 in units 
Ibs/sq. in 1bs/s 


North Kanara. Bombay 


(Typical Pole Forest) (N:1) 5 111.00 151.5 106.3 
N. Kanara, Bombay 
(girdled) (N+) 5 0.566 96.2 136.6 95.3 
N. Kanara, Bombay 
(ungirdled) (Na) 5 0.523 93.7 131.0 9.4 
West Thana, Bombay (N:,) 5 0.576 109.1 144.5 108.6 
Pyinmana, Burma (N55) 5 0.613 143.2 190.9 150.5 
Zigon, Burma 
(girdled) (No) 4 0.593 120.8 181.0 198.5 
CES [) 0.588 114.6 164.4 113.8 
Hoshangabad, M.P. (Ns) 5 0.554 103.3 140.2 104.2 
South Chandan, M.P. (Np) |) 0.527 90.9 120.7 89.6 
Malabar, Madras. (Ni;10) 5 0.615 107.7 156.9 109.4 
MIRE 5 0.641 125.1 148.9 126.7 
general mean 0.577 110.5 151.5 111.8 
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TABLE 2. VALUES OF GENERAL MEAN FOR DIFFERENT LOCALITIES 
(PLANTATION-GROWN TEAK) 


— — — — — 
——————_——_—_—_—_——_—_————_—_——_—_——_—_——_—_—_—_—_——_—_—__—__—_——_——_———_————————————————————_————_—_—_—_—_—_—_——— 


modulus of niodulus of maximum fl 
no. of specific rupture in clast icity in crushing sn 

locality with symbol trees gravity units in 100 units of 0.000 in units of 

# Ihs/sq. in Ibs'sq. in Ibs sq. in 
Chittagong Hill Tracts. 5p 5 
Bengal (P;) চ 0.556 10.7 IT 128. 
Kurseong, Bengal (Ps) ) 0.538 IVS. 165. F2L50. 
Nilambur, Madras 
(Karumpuzha plantation) 

E 2.8 

(P;) 2 0.584 130.8 ITAL. IT. 
Nilambur, Madras 
(Panangode Plantation) (Psy) 3 0.547 TEE LOLS LOU. 
“Angul, Orissa (Ps) 5 0.608 112.2 155.9 TAD 
C. Puri, Orissa (Ps) 5 0.583 IH.4 150.5 110.8 
5. Puri, Orissa (P;) ঢু 0.533 99.1 127.7 06.06 
Canal Beat, Hardwar, 
U.P. (Ps) 5 0.573 106.0 120.8 105. 
Pathri, Hardwar, 
U.P. (Py) 5 0.560 113.3 156.8 

general mean 0.565 112.5 151.5 


TABLE 3, MEAN VALUES EXPRESSED AS PERCENTAGES OI THE GENERAL MEAN 


(NATURAL.-GROWN TEAK) 


lccality with Symbol] 


specific modulus of modulus of maximum 
gravity rupture olasticity © crushing st skeen 
North Kanara, Bombay ন Loe - Ea EL 
(typical pole forest) (N;) 96 101 100 9 
N. Kanara, Bombay (gridled) (N,) 98 LY 0 Y 
N. Kanara, Bombay 
(ungirdled) (Ns) 01 85 87 ৯2 
West Thana, Bombay (Ns) 100 [Tr 96 I 
Pyinmana, Burma (N5) 106 130 126 136 
Zigon, Burma (girdled) (Ns) 103 110 120 116 
Zigon, Burma (ungirdled) (N;) 102 104 109 103 
Hoshangabad, M.P. (Ns) 96 04 93 4 
South Chanda, M.P. (Ns) 91 52 0 91 
Malabar, Madras (Ni) 107 98 104 99 
LN Coimbatore. Madras (N;;) lI 113 99 114 
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TABLE 4. MEAN VALUES EXPRESSED AS PERCENTAGES OF GENERAL MEAN 
(PLANTATION-GROWN TEAK) 


locality with symbol specific modulus of modulus of maximum 
gravity rupture elasticity crushing stress 

Chittagong Hill Tracts, Bengal (Pi) 98 106 113 114 
Kurscong, Bengal (P:) 95 103 109 0G 
Nilambur, Madras (Karumpuzha 
plantation) (Ps) 103 116 115 113 
Nilambur, Madras (Panangode 
plantation) (Ps) 97 102 HE) 97 
Angul, Orissa (Ps) 108 100 103 102 
C. Puri, Orissa (Ps) 103 909 99 98 
NS. Puri, Orissa (Pz) 94 88 4 86 
Canal Beat, Hardwar (Ps) 101 05 84 98 
Pathri, Hardwar (Pp) 101 101 104 96 


3. ANALYSIS OF DISPERSION FOR THE TEST OF SIGNIFICANCE OF DIFFERENCES IN 
THE MEAN VALUES OF A NUMBER OF CORRELATED VARIABLES I 
FOR SEVERAL LOCALITIES 


Tn order to examine the above point, the first step taken was to apply the 
technique of analysis of dispersion into ‘between’ and ‘within’ localities and to test 
the mean values of different localities with Wilks’ A Criterion. (See Rao, 1952, p.258). 


The test of significance of differences in the mean value oi several localities 


is based on the use of the statistic Vy where V = —m™ log ,A in which 
__ |W | _ Dispersion matrix ‘within localities’ p+q+1 
A= i= = des EE Th and m= n— 
[8 Dispersion matrix “Total 2 


1 = (n,n... n)— 1 = Total number of observations less one. 
P = number of properties taken. 


k = number of localities and g = k—1. 


Here, we are to use Vy as x? with pq degrees of freedom. 


Tables 5 and 6 give the analysis of dispersion for four characters, specific 
gravity (;), modulus of rupture (#2), modulus of elasticity (x), and maximum crushing 
stress (x,) for the data of 10 localities of natural-grown teak and 7 localities of planta- 
tion-grown teak, each consisting of 5 trees. It will be observed in both the tables 
that the value of the statistic V is highly significant (at 0.1% level of probability), 
which shows that the differences in the mean values with regard to the pooled effect 
of the above four properties between the different localities within the natural-grown 


and Plantation-grown teaks are respectively highly significant. 
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4. DIrFERENCES BETWEEN PAIRS OF LOCALITIES WITH REGARD TO MEAN 
VALUES OF THE FOUR PROPERTIES 


Having known that the different localities within the natural-grown and 
plantation-grown teak differ Significantly with regard to the four properties, values of 
D*-(Square of Mabalanobis’ generalised distance) between each pair of localities were 
determined and are given in Tables 7 and § for natural-grown and plantation-grown 
localities respectively. 

The “D* between two populations (localities) as estimated fiom the sample 
on the basis of p characters is given by 


E ££ হ টি ie 
By = ন (w!) [(3;1— 32) (3, 


where ww is the reciprocal matrix of wij the pooled dispersion matrix obtained from 
‘within localities’ having 5 trees in each and ti and 5, are the two sample means of 
the i-th property and (i,j = 1, 2,...p) (see Rao, 1952, p. 246). 

For the test of significance of the mean values of P characters for any two 


populations (localities) out of £ from whieh the dispersion matrix has been computed, 
the expression 


k—p+1) 


nal tna... NE | 
Mn nan na... n—k) 


. . . re Ll 
can be used as a variance ratio (F) with degrees of freedom p and (WX ni)—k—p+L. 


In the case of problems of two samples only for which the dispersion matrix 
is calculated the above test reduces to using the statistic 


nnn Nns—p— 1) 


Dynan ns—2) <7 


As a variance ratio with degrees of freedom pb and (n,4-n2—p—1). (See Rao, 1952, 
P.247). 

When the properties under study are independent, i.e., they are mutually 
uncorrelated, the D? formula reduces to simple sum of squares of the differences in the 
mean values of the various properties of the two populations. It is therefore always 
desirable to transform the original variables, if they are mutually correlated by a set 
of mutually uncorrelated variables to simplify the computations. 


This method suggested by Rao. 1952, p. 359 has been adopted in determining 
the various D2 values which are given in Tables 7 and S. The figures in a particular 
column of these tables indicate the square of the generalised distance between the loca- 
lity given at the column head and all other localities corresponding to those figures 
in that column. The different number of Stars against any figure show the levels of 
significance of difference between such pairs of localities. Figures without Stars 
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should be taken as not significantly different from zero. The symbols (Ny My snp Nin) 
for natural-grown and (P;, Ps. ..., Ps) for plantation-grown localities have been used 
in this paper. 

From a scrutiny of the values of D2 given in Table T natural grown it will be 
seen that one of the Burma consignments (V;) received from Pyinmana ix the strongest 
of all and is significantly distant from the rest of the natural-grown teaks. Out of 
the two consignments from Madras, the one received from South Coimbatore (Nii) 
is significantly distant from the Malabar consignment (No) at 0.10, level of probabi- 
lity. It is also Significantly distant from the rest of the localities. Similarly the 
consignment from Zigon, Burma (girdled) (Ng) is significantly distant from all the 
localities except that from Zigon, Burma (ungirdled) (NG): on the other hand the 
latter consignment is very close to the Malabar consignment (No) from Madras, 
Four localities of Bombay (N, to N;,) and two localities of Madhya Pradesh (Ny and 
Ni) appear to be very close to each other and can be grouped together. ‘They have 
got lower, strength than the rest of the localities under natural-grown. 

Similarly it will be seen from Table 8 that the two Bengal teals (P, and P;,) 
are very close to one another and one of the Nilambur teaks (Karumpuzha plantation) 
from Madras (P;) is also close to them. ‘The second Nilambur teak (Panangode plan- 
tation), Madras (P,) is weaker and is significantly distant from Chittagong hill tracts, 
Bengal teak (P;) and consequently it cannot be classed with the other three, rather 
it can come with those from Angul, Orissa (P;), Central Puri, Orissa (Ps) and Pathri, 
Hardwar, U.P. (Ps), which are not significantly distant from each other. 


5. INTRA-AND INTER-CLUSTER AVERAGE D2 AND FORMATION OF TENTATIVE GROUPS 


The indications from the above paragraphs have been further explored by a 
study of Intra-and Inter-cluster average value of D2 after the formation of tontative 
groups (clusters), such that the intra-cluster .D? values are much less than the inter- 
cluster values, which gave a plausible rule for the 


formation of most appropriate group- 
ing of different consignments (localitie 


S) within the natural-gyrown and plantation-yrown, 
teaks. A simple device following Rao (1952. p. 363) was to start with two closely 
@ssociated groups having low D2 values and find a third group which has the smallest 
&verage D* from the first two and so on. If at any stage the average D2 
from those already listed appeared to be high, 
former cluster. 


of a group 
this group was taken out from the 
Tf the change in average D2 within a cluster due 
Sroup was found appreciable, then the n 
cluster. 


to inclusion of another 
ewly added group has been taken outside the 


Tables 9 and 10 give the average 
Which have been tentatively found out by the above device. 
however be laid down in the formation of these clusters, but the 
On an average the D2? values between 
than those belonging to two diffe 
this rule cannot be applied in su 


BD? values ‘within’ and ‘between’ clusters 
No formal rules can 
only criterion is that, 
amy two localities within a group is much smaller 
rent groups. Ifa group consists of only one locality, 
ch a case, as it is a separate group by itself. 
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TABLE 9. INTRA AND INTER-CLUSTER AVERAGE D2 
(NATURAL-GROWN TEAK) 


group  localiticos i i HS TIE IV Vv 

I Ns — 15.4529 9.7595 22.4900 28.8978 
IT Ni; 15.4522 — 15.1311 11.4407 13.5785 
IIT Ns 9.7595 15.1311 — 5.4024 11.8575 
Ly Ni; No 22.4900 11.4407 5.4024 2.600] 4.9657 
Vt Ni,NosN3NANsNy 28.8978 13.5785 11.8575 4.9657 2.3672 


TABLE 10. INTRA AND INTER.-CLUSTER AVERAGE D2 
(PLANTATION-GROWN TEAK) 


group localities lH II Tt 
T PiPs2Ps 2.4667 5.0212 12.3279 
EE PiP5PosPy 5.0212 2.9220 5.1098 
TI PiPs 129.3279 5.1098 3.5166 


From the above analysis it has been found that the natural-grown teaks can 
be formed into five tentative groups and plantation-grown teaks into three tentative 
groups. The tentative groups arranged according to the descending order of their 
mean strength properties are as follows: 


1. Natural-grown teak. Cluster 1: Pyinmana, Burma (N;). Cluster I: 
South Coimbatore, Madras (Nj). Cluster III : Zigon, Burma (girdled) (Ns). Cluster 
IV : (i) Malabar, Madras. (No); (ii) Zigon, Burma (ungirdled) (N;). Cluster V : (i) North 
Kanara, Bombay (Typical pole forest) (N;); (ii) North Kanara, Bombay (girdled) (Ns); 
(iii) North Kanara, Bombay (ungirdled) (Ns); (iv) West Thana, Bombay (NJ); (v) 
Hoshangabad, Madhya Pradesh (Ns); (vi) South Chanda, Madhya Pradesh (N). 


2. Plantation-grown teak. Cluster I: (i) Chittagong Hill tracts, Bengal 
(Pi); (ii) Kurseong, Bengal (P;); (iii) Nilambur, Madras (Karumpuzha plantation) 
(P3). Cluster II: (i) Nilambur, Madras (Panangode plantation) (Pi); (ii) Angul, 
Orissa, (P;); (iii) Central Puri, Orissa (Ps); (iv) Pathri, Hardwar, U.P. (Py). Cluster 
(ITT: (i) South Puri, Orissa (Pj); (ii) Canal Beat, Hardwar, U.P. (Ps). 


‘The configuration of the clusters and their mutual relationships have also been 
graphically represented in Figures 1 and 2 for natural and plantation-grown tealks 
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respectively. ‘The square root of the average D2 values represent the Sistnnce or 
tween and within groups, which have been calculated from the values in Tables 9 
and 10. It is however not possible to represent all the distances to scale, hence 
they are only approximate. 


CONFIGURATION OF CLUSTERS AND THEIR MUTUAL RELATIONSHIPS 


Figure 1. 


Figure 2. 
DETERMINATION OF GROUP CONSTELLATIONS BY THE USE OF 

This method deals with the replacement of the measurements of 
mutually correlated characters (all of which contribute in some degree or other towards 
discrimination) by a relatively few measurements obtained as linear combinations of 
the large number of such measurements. The compounding coefficients are chosen 
in such a way that the new sets of variates can be arranged in a decreasing order of 
magnitude for discrimination. They are termed as canonical variates or canonical 
roots. This method of determining the group constellations 
the number of characters is more than three and becomes much simpler if the different 
groups are characterised by two or three measurements which can easily be depicted 
on a chart, so that the underlying relationships between their forms are exhibited. 
It is closely related to but more flexible than the method discussed in the previous 
section for determining the group constellations (see Rao, 1952). 


The main object of applying this method to the present problem of classifying 
the natural-grown and plantation-grown teaks (with regard to the v 
and mechanical properties) growing in different localities of Indi 
examine how far the tentative classifications already arrived at by determining the 


intra-and inter-cluster average D2 values as discussed in Section 5 agree with those 
determined by the use of this method. 


6 CANONICAL VARIATES 


a number of 


is very useful when 


ariousp hysical 
a and Burma is to 


In order to determine the D2 between 
of the four correlated variables (mean of tree m. 
gravity, modulus of rupture, modulus of el 
transformed to an uncorrel 


any two populations, the original set 
eans for each locality), namely, specific 
asticity and maximum crushing stress were 
ated set following exactly the same steps as suggested by 
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Rao (1952). Tables 11 and 12 contain the set of uncorrelated transformed variables 
of the mean values for each locality under natural-grown and plantation-grown 
respectively. It will be seen that the values of the locality means of the four trans- 
formed characters are so adjusted that their sum for any character over all the loca- 
lities (within natural-grown or plantation-grown) is zero, which needs no correction 
for caleulating the raw sum of squares and products for “between localities.” 


The two Tables 13 and 14 representing the Between product swum matrit res- 
pectively for ‘natural-grown’ and ‘plantation-grown’ localities are given below. They 
have been obtained by using the mean values of the transformed variables given in 
the two Tables 11 and 12 respectively. ‘These two tables are both (4X4) symmetric 
matrices, which have been represented by Matrix ‘A° and Matrix ‘B? respectively for 
natural-grown and plantation-grown localities. 


TABLE 11. MEAN VALUES OF THE TRANSFORMED VARIABLES 
(NATURAL.-GROWN TEAK) ¢ 


rm ——— —— ——  — —  — 
transformed variables 


locality 
I Y2 Ys V4 
Ni 0.617 + 0.547 —0.014 
N: —0.314 —1.433 + 0.082 
Ns 1.499 0.501 0.112 
N, —0.028 —0.139 —0.547 
NN; + 0.981 + 3.083 0.300 
Ns +0.430 +0.875 1.793 
Ns; +0.292 40.248 
Ns — 0.645 — 0.337 
Ny 1.388 1.216 
No + 1.036 — 1.154 +0977 
Ni, + 1.752 +0.332 —1.955 


TABLE 12. MEAN VALUES OF THE TRANSFORMED VARIABLES 
(PLANTATION-GROWN TEAK) 
o——————————_—_——_—_—_—————_————_————_———_—_———_————————_—————_————————— 
transformed variables 


locality i 
Y: Y2 Ys Ya 

P; —0.275 +1.461 + 1.027 
Ps —0.785 + 1.389 +0.310 
Ps +0.518 +0.515 0.060 
Pi; —0.530 —0.780 —0.252 
8 + 1.198 40.117 40.104 
Ps + 0.490 0.149 —0.200 
Pi 0.926 0.916 0.491 
Pi +0.207 —2.080 + 0.544 
Py 0.093 + 0.443 —1.107 
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TABLE 13. BETWEEN PRODUCT SUM MATRIX USING MEAN VALUES OF THE 
TRANSFORMED VARTABLES 
NATURAL-GROWN LOCALITIES: MATRIX ‘4° 
transformed variables 


locality 
9 Y2 Ys Ya 
Y1 10.445 6.082 9.064 
Ye 6.082 16.380 2.326 14. 
Yn 0.225 2.326 9.544 } 
Ys 9.064 14.599 1.536 15.558 


IAN VALUES OF THE 
TABLE 14. BETWEEN PRODUCT SUM MATRIX USING MEAN VALUES OF TF 


TRANSFORMED VARIABLES ’ 
PLANTATION-GROWN LOCALITIES: MATRIX ‘B' 


ERE ARE EE Fe Sp = 
transformed variables 


locality > 
Yi Y2 Ys V4 
Yi 3.825 0.2090 —0.286 
Y2 0.290 B.47TI 4.734 
Ys 0.286 4.734 10.335 
Y4 0.130 1.123 1.028 


According to Rao (1952) the canonical vectors 1 
Symmetric matrix are the same as those 
Power of the original matrix. 
A of ‘4° (original m 


1 ls ..., ly associated with @ 
associated with a matrix formed of a suitable 


For example, if J is the vector associated with root 
Atrix for natural-grown localities) , 


then 
I(A—AI) = 0. (1) 
These equations give the maximum, minimum and intermediate values of A. 
Multiplying equation (1) by (A-4-A1) we get 
1(42—A2]) = Oo. (2) 


Similarly multiplying equation ( 


2) by (42221) we get I(41—A241) = 0 and so on. 
Hence the results stated 


above hold good. Tt is 


be much quicker, if we start to solve the equations with a suitable power of the original 
matrix 


also true that the convergence will 


The best procedure is to start with a trial vector (1, 1,... 1) by multiplying 
each row of the matrix formed Of a suitable power of the original matrix to obtain 
& derived vector which appears to be a better approximation than the trial one. (Rao, 
19592). 


In the present investigation as four characters h 
natural-grown and plantation 


(canonical roots) of A. The s 
elements of matrices ‘4° 


ave been used both in case of 
“grown localities, there will thus be four latent roots 
um of the four latent roots is the sum of the diagonal 


and ‘B’ for (natural-and Plantation-grown teal). 
(AF A54 2342.) is equal to 51.927 for natural 


grown teak. Tt has 


Hence 
“grown teak and 22.662 for plantation- 
also been found that the sum of the first two canonical TOOLS, 
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A442 is equal to 45.05 for natural-grown teak, which alone accounts for a total varia- 
tion of 36.3%. Similarly the first two canonical roots in case of plantation-grown teak 
is equal to 17.43 which accounts for a total variation of 76.9%. Hence these two 
roots contribute to a sufficiently high degree towards the discrimination of the various 
groups. ‘The canonical or the standardised vectors corresponding to the first two 
canonical roots are given in Tables 15 and 16 for the natural-grown and plantation- 


grown localities. 


TABLE 15. CANONICAL VECTORS CORRESPONDING TO THE FIRST 
TWO CANONICAL ROOTS 


(NATURAL-GROWN TEAK) 


transformed variables 


canonical roots 


YY: Yঃ Ys Y4 
AM 3940 6377 0997 6543 
Aga — . 3086 » 1209 - 9398 —.0835 


a c 


TABLE 16. CANONICAL VECTORS CORRESPONDING TO THE FIRST 
TWO CANONICAL ROOTS 
(PLANTATION-GROWN TEAK) 
ত = = = 
transformed variables 


canonical roots - 


Yi Ys Ys V4 
Ax — .0075 5204 * 8425 - 1393 
As 9189 2631 —.1910 -2234 


্ ‘The mean values of the canonical variates for the different localities of natural- 
grown and plantation-grown tealz calculated by using the mean values of the canonical 
vectors corresponding to yi, Ys, -.., Ya from Tables 15 and 16 are given in the Tables 
17 and 18 respectively. 


TABLE 17. MEAN VALUES OF THE CANONICAL VARIATES FOR 11 LOCALITIES OF 


NATURAL-GROWN TEAK 
cm TESCO mn Tc CE TCE 


canonical locality 
variate 2 
NN, Ns, NN; N, Ns; No Ns; Ns Ns No Ni, 
Zi ~—-.262 —1.790 —1.908 —.258 4.245 1.683 .255 —.684 2.165 —.545 1.433 
22 290 098 +362 -.509 114 1.559 .731 -—.106 —.417 *309 2.43 


TABLE 18. MEAN VALUES OF THE CANONICAL VARIATES FOR 9 LOCALITIES OF 


PLANTATION-GROWN TEAK 
C—O TTC 


canonical locality 
variate ঢ; P; Pp; Pi Ps P P PB নট 
Zi 1.729 1.429 1.245 545 163 ‘855 —1.450 —2.066 -181 
22 —.124 -—.812 *79099 322% - 967 *384 —1.097 ‘513 ~—.265 
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The sum of squares of Z;, and Z, correspond exactly with the values of 
A, and As (the first two canonical roots determined earlier for both natural-grown 
$ i খ iOns. 
and plantation-grown teak). They have thus provided a check on the calculations 


As already stated that about S7 percent and 77 percent of the total bees pe 38 
(A, As FAFA) for natural-grown and plantation-grown teak are SUCRE or 
due to the first two canonical roots, they supply the best two linear functions 


(ly Flaps lays Flnya) = 21 
(lay FH loa/2- lays laa) = 22 


0 WV i i i 1 { fi ict rATIALCS AS coordi- 
50 that a ty 0-dimensional representation with these two canonical variates 
na WwW’ i i i 1 ট Arious groups. 
tes will give a fairly accurate picture of the configuration of the various £5 |! মু 
y i ;} itt by € - olected, 
The third and fourth canonical roots contribute very little and hence may be negle 


although a three-or four-dimensional model showing the positions of the various 
localities will give the true picture. 


The two-dimensional charts with the canonical variates as coordinates, showing 
the positions of the various localities under the natural-grown and TUENTUULONEETOND 
teak are drawn in the Figures 3 and 4 respectively. From these two hats it is 
indicated that the 11 natural-grown teak localities as seen from the dlustering can be 
classified into 5 broad groups and the 9 plantation-grown teal localities into 3 broad 
groups. The classifications are as follows : 


1. Natural-grown localities. Group I: Pyinmana, Burma (Ns): Group lH: 
South Coimbatore, Madras (Nj); Group HI: Zigon Burma (girdled) (NG); Group 
IV: (i) North Kanara, Bombay (Typical Pole Forest) (Ni); (ii) West Thana, Bombay 
(Ni); (iii) Zigon, Burma (ungirdled) (N;); (iv) Hoshangabad, Madhya Pradesh (Ns); 
(v) Malabar, Madras (Nj). Group V: (i) North Kanara, Bombay (girdled) (Ns); 
(ii) North Kanara, Bombay (ungirdled) (N;); (iii) South Chanda, Madhya Pradesh (N). 

2. Plantation-grown localities. 


Group I: (i) Chittagong Hill tracts, Bengal 
; (ii) Kurseong, 


(2P;) Bengal (P;); (ii) Nilambur, Madras (Karumpuzha plantation) 
(Pj). Group I: (i) Nilambur, Madras (Panangode Plantation) (P;); (ii) Anugul, Orissa 
(P;); (iii) Central Puri, Orissa (P,); (iv) Pathri. Hardwar, U.P. (P,). Group IIT: 
(i) South Puri, Orissa (P;); (ii) Canal Beat, Hardwar, U.P. (Rs). 


It may be mentioned here that there is some dis 
of the different localities in case of natural-grown teak as obtained by the two different 
methods (see Figs. 1 and 3) namely, by the determination of the Inter 
cluster average D? and by the determination of the 
latter method, three of the localities namely, North Kanara, Bombay (Typical pole 
forest) (N;), West Thana, Bombay (N,) and Hoshangabad, Madhya Pradesh (Ns) 


have come up to the higher group (IV) and classed with Malabar, Madras (No) and 
Zigon, Burma (ungirdled) (N;). There is however close agreement between the two 
methods in the case of plantatior 


1 grown teak (see Figs. 2 and 4). 


agreement in the clustering 


-and Intra- 
Canonical variates. By the 


16 


ON CLASSIFICATION OF NATURAL AND PLANTATION TEAK 


GROUP CONSTELLATION OF LOCALITIES 


Figure 4. Plantation-grown teak. 
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7. DNUMMARY OF RESULTS 


(1) The mean values of four important characters. specific gravity, modulus 
of rupture, modulus of elasticity and maximum crushing stress for the various lage 
lities within the natural-grown and plantation-grown teaks showed a wide range of 
variation from locality to locality. 


(2) The result of analysis of dispeision by Wilks’ criterion showed that the 
pooled effect of the mean values of all the above four properties differed significantly 
from locality to locality both in natural-grown and plantation-grown tonlks. 


(3) Mahalanobis’ D2 statistic with respect to above four characters was tested 
for significant difference between different pairs of localities within the natural-grown 
and plantation-grown teak consignments. A large number of pairs of localities wore 
found to differ significantly. ‘These results were utilised to form tentative groups of 
the localities within each type according to their closeness or significant distance from 
each other « 


(4) From the results of the Intra-cluster and Inter-cluster average D? values, 
the natural-grown teaks can be classified into five tentative groups and the plantation- 
grown into three tentative groups. 


(5) From the results of the first two canonical roots it was found that 
87 percent of the total variation was accounted for by these two roots 
natural-grown teak and about 77 percent in case of pl 


about 
in case of 
antation-grown teak. 

(6). From the two-dimensional representation. of the different localities with 
the first two canonical variates as the axes of coordinates, it 
the localities of natural-grown teak can be classified into 5 bro 
lities of plantation-grown teak. into 3 broad groups. 


has been found that 
ad groups and the loca- 


(7) Though the number of groups as determined by the two methods, n 
from the study of Intra-and Inter-cluster average values of D? and the first two 
canonical roots are same, there has been a shifting of a few localities from one group 
to another in case of natural-grown teaks by the above two methods. 


amely 
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Appendix 
'TyPES OF TESTS 


(1) Static bending test carried out on small clear specimens of size 30” x2" x 2" supported at two 
ends and loaded centrally. 

Tho strength properties derived from this test are: (i) Fibre stress at elastic limit (ii) Modulus of 
rupture (iii) Modulus of elasticity (iv) Work to elastic limit. (v) Work to maximum load and (vi) total 
work. ¢ 
(2) Tmpact bending test carried out on small clear specimens of size 30" x2" x2" supported at two 
ends and a hammer of 50 1b. weight is allowed to fall freely from successively increasing heights at the 
middle of the specimen till the specimen breaks. The strength properties derived from this test are: (i) 
Fibre stress at elastic limit (ii) Modulus of elasticity (iii) Work to elastic limit and (iv) Maximum height of 
drop. 

(3) Compression parallel to grain test carried out on small clear specimens of size 8” X2" X22 axially 
loaded along grain. The strength properties derived from this test are (i) Compressive stress at elastic 
and (iii) Modulus of elasticity. 


limit (ii) Maxinum crushing stress 

(4) Compression perpendicular to grain test carried out on small clear specimens of Size 6" X29" 2" 
by npplying load through a 9 wide thick steol plate placed on the middle of the radial surfaco cf the 
specimen. Only fibre stress at elastic limit is derived from this test. 

(5B) Hardness test carried out on small clear specimens of size 6” X29 x2" by ascertaining the load 
required to imbod a steel ball of 0.444" diameter upto half its diameter on the radial, tangential and end 
surfaces of each specimen seprately. 

(6) Shear test carried out on small clear specimens of size 2X 2 x2 having a projecting lip which 
is sheared off from the rest of the specimen by the application of a load on it. ‘This test is carried out one 
on radial and another on tangential surface of iwo different specimens which are paired. Only shearing 
stress is detormined from this test. 

(7) “Tension perpendicular to grain test carried out on small clear specimens of size 2x9 x2 
in which na tensile load is applied at right angles to the grain by clutching the specimens which are notched. 
This tost is carried out one on radial and another on tangential surface of two different specimens which are 
paired. Only tensile stress perpendicular to grain is determined from this test. 

ni Besides thése mechanical strength properties, a few physical properties namely. specific gravity. 
rings per inch and summer-wood 9%, are also determined. The last two properties are determined from the 
spocimens of only the compression parallel to grain tests stated in (3) and the specified gravity determina- 
tion is done from almost all the specimens under the tests stated in (1) to (5). In addition to these 
tests a fow other tests are also carried out. viz. shrinkage tests (volumetric, radial and tangential) and 
torsion tests. 

Structural bonding tests on big-sized rectangular beams having a span of about 15’ and varying 
cross sections upto a maximum of 6” X12 and compression parallel to grain and perpendicular to grain 
tests on bigger dimensions than those in small clear specimens are also carried out for comparing their 
results with those obtained from small clear specimens. ‘These strength figures are used aleng with the former 
ones for determining safety factors and safe working stress figures which are of immense help to the engineers 
for wooden constructional purposes (sae Limaye 1942, 1946). 

‘The large number of properties obtained from the above tests on small clear specimens are further 
made use of in determining the suitability of a species of timber for different purposes (see, Limaye, 1933 & 

1044). A number of strength properties are combined after applying some weighting and adjusting factors 
to them according to their importance for the determination of their suitability for a particular purpose. 
‘There are seven types of suitability figures which can be made use of depending on the purpose for which a 
timber is to be used. They are as detailed below: 


(1) Strength as a beam for which modulus of rupture, fibre stress at elastic limit in static bending 
test and fibre stress at elastic limit in impact bending test are used, 
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(2) Stiffness as a beam for which modulus of elasticity front both static bending and impact 
bending tests are used. 


(3) Suitability as a post or strut for which maximum crushing stress and crushing stress at clastic 
limit from compression parallel to grain tests and modulus of elasticity in static bending tests are made 
use of. 


(4) Shock resisting ability for which work to maximum load and total werk in static Bonding tests 
and maximum height of drop in impuct bending tests are used. This property also gives an idea of the 
toughness of the timber. 


(5) Retention of shape for which volumetric Shrinkage from green to oven dry. radial and tnrigontial 
Shrinkage from green to oven dry and ratio of tangential to radial shrinkage are used. The modiprocaliof 
the figure obtained after applying the adjusting and weighting factors multiplied by 100 is used for 
determining retention of shape. 


(6) Shear for which radial and tangential shearing stresses are made use of for de termining the 
shear property. 


(7) Hardness for which fibre stress at elastic 


limit in compression perpendicular to grain, radial 
hardness, tangential hardness and end hardness are 


made use of in determining the hardness figures. 

The final suitability figures are the weighted ave 
figures obtained as above from the 
the air dry strength prcperties. 


rages cbtained by giving uw weightage of 2 to the 
Ereen strength properties and a weightage of I to those obtained from 
These suitability figures are then expressed as a percentage of similar 
figures obtained for Standard Teak, which is at present taken from the 
(Burma teak) and one consignment of Malabar (Madras teak). Th 
suitability figures”. The 


iverage of two consignments of Zigon 
65 figures are termed as “compurative 
average values of each property fer a particular species based on 


mean of tren 
means are used as the basic figures for detormining these suitability figures, 


It has been found from experience that for a 
one strength property or Physical property. a numbe 
hand the same timbers show @ large variation fr 
remaining physical and mechanical properties. 
within the same Species te: 


particular strength property or even in more than 


r of species of timbers show Similarity. On the other 
om species to species with regard to a number of the 


Tt has even been found that a Eood deal of variation exists 
sted from different localities. 
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THE NATIONAL SAMPLE SURVEY 
SEVENTH ROUND: OCTOBER 1953—MARCH 1954 
NUMBER 13 


REPORT ON 
HOUSEHOLD TRANSPORT OPERATIONS 


FOREWORD 


0.1. The National Sample Survey was started in 1950 with the object 
primarily of filling gaps in statistical data, and special emphasis has continued to 
be given in successive rounds of surveys to the collection of information relating 
to the household sector of the national economy. Productive enterprises, which were 
owned and operated singly or jointly with other members of the same household 
or other households, were classified, as a matter of convenience, into agriculture 
and animal husbandry, manufacture and handicrafts, transport, trade, and profes- 
sions. : 

0.2. Information on transport services rendered by households has been 
collected from the very beginning, but the size of the sample was small up to the 
Sixth Round. In the Seventh Round (October 1953—March 1954), a relatively 
large number of households engaged on transport services was investigated and 
findings based on this survey have been given in this report. 


0.3. The data collected have reference only to that part of the transport 
services which is sold for cash or kind. This is a severe limitation because it is 
possible that a large volume of transport services in rural areas is used by the owners 
themselves which are excluded from the present survey. 


0.4. The total number of households engaged in transport services was 
comparatively small, only 1.46 million, of which 1.06 million (73 per cent) were in 
rural areas. Owing to the seasonal nature of the activity only about half of the 
households were actually working during the reference period of the survey. In all, 
1.1 million persons were engaged in transport services which is 0.78 per cent of the 
total working population. The monthly net earning per working household was 
Rs. 20.46 (46 per cent of Rs. 44.10, the average gross earning per household) in 
rural areas; and Rs. 55.16 (or 62 per cent of the gross earning of Rs. 89.19) in urban 
areas. 
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0.5. It will be seen that the household transport sector is a small part of the 
national economy. The present data are, however, not complete as they refer only 
to that part of the transport services which is rendered for compensation received 
in cash or in kind. The transport services utilised for the owners themselves, which 
have been excluded from the present survey, may, however, be quite appreciable 
in rural areas. Although this report thus gives only a partial view of the sector, 
being the first study of its kind, it would have interest and value. 


0.6. The report was prepared under the direction of. Satyabrata Sen by 
K. G. Chandrasekharan Nair, Bijankumar Datta Roy, S. Ramanatha Iyer and others 
in the Household Enterprise Section in the Department of National Sample Survey 
of the Indian Statistical Institute (IST). The final form is naturally the result of 
co-operative effort of men in both Statistical and Field Wings of the National Sample 
Survey (NSS). Specific mention may, however, be made of Debabrata Lahiri and 
Nimai Charan Ghosh of ISI for design and planning of the survey: Haricharan Ghosh, 
Chief Director, NSS, for field work, and Birendra Mohan Das Gupta of TSI for editing. 


1 November 1958 P. C. MAHALANOBIS 
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THE NATIONAL SAMPLE SURVEY 
SEVENTH ROUND: OCTOBER 1953—MARCH 1954 
NUMBER 13 


REPORT ON 
HOUSEHOLD TRANSPORT OPERATIONS 


+ This Report on Household Transport Operations was prepared by the Indian 
Statistical Institute and is being published in the form in which it was submitted to the 
Government of India. The views contained in this report are not necessarily those of 
the Government of India.* 


CHAPTER ONE 
SCOPE, COVERAGE, DESIGN AND SUMMARY OF RESULTS 
INTRODUCTION 


1.1. ‘Transport service as a vital constituent in the productive activity, 
no doubt, plays a very significant role in the present-day economic system. The 
total facilities in India. however, consist not only of mechanised means of transport 
by land, sea and air but also of bullock carts and similar other forms of transport 
operated by individual households. Some details are available in respect of certain 
Sections of large-scale and mechanised transports such as the railways, but information 
relating to small-scale and unorganised means of transport is almost absent. Animal 
and animal-drawn transport and transport by small wooden boats, though anti- 
quated, ave still abundant in India, and so also is carrying of goods by human 
beings. ‘The bullock carts. horses, ponies and camels serve the remote parts of this 
big country, not accessible to any other form of transport. In urban areas also the 
non-mechanised forms of transport are used to a great extent. 


1.2, Data on small-scale transport operations were collected in the National 
Sample Survey by completing questionnaires from a sample of households engaged 
in transport operations. ‘This report is based on particulars collected in the seventh 
round of the survey. In the four previous rounds, viz., third, fourth, fifth and sixth, 
the sample households for survey of different kinds of enterprises were selected from 
a common list of households in the sample villages. The proportions of households 
following different kinds of oceupations as they existed in the population were reflected 
in the sample. Since the proportion of households engaged in transport operations was 
very small, the number included in the sample was also very small. (Consequently, 


*The draft report (No. D. 17) was submitted to the Government of India in December 1956. 
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in these four rounds, the effective sample sizes were very small and it was not worth- 
while to take up detailed tabulation of these data. In the seventh round. to obviate 
this difficulty, separate lists of households were prepared for different OGEUpIGNS 
and a large number of samples were selected from households which were offering 
transport services. In all, 4394 sample households engaged in transport Le end 
were interviewed and this larger sample size accounts for the preference for tabulation 
of the seventh round data to those of the previous rounds. 


1.3. ‘The seventh round covered a period of six months from October 1953 
to March 1954. Particulars were collected from 2742 households chosen from 959 
sample villages and 1652 households chosen from 443 urban sample blocks covering 
the country. One sample village and a sample block had, however. to be treated as 
casualties. ‘The manner of selection of villages, blocks and households, and concepts 
and definitions have been described below. 


NCOPE OF THE SURVEY 


1.4. ‘The estimates presented in this report are based on data collected in 
respect of all transport enterprises undertaken either by individual households or 
jointly by more than one household. By transport enterprise is meant the offering of 
transport service to others as The common examples are 
the carrying of passengers or goods on payment of hire charges by m 
or by a person or an animal. 

brought under the scope 


@ business proposition. 


eans of a vehicle 
Thus, porters selling transport services have also been 
of this survey. ‘Those households which rented out their 
transport vehicles to others and did not operate them directly with household or 
hired labour have been left out since the very 


act of hiring out their means of trans- 
port makes them rent-receivers. 


Again. those households have been excluded which 
used transport equipment exclusively for some other 
did not hire the services out. 
tives and similar other 


enterprises of their own and 
Government agencies, Joint stock companies, Co-opera- 
non-household enterprises engaged in tr 


ansport operations 
were also outside the scope of the Survey. 


1.5. It may be mentioned here that if any sample household carried on 
Joint activities of transport and repairing services, the data regarding transport enter- 
Prise and repairing services were collected separately and the common costs between 
the two were allocated in proportion to their gross earnings. 
1.6. All the particulars regarding land, buildings, d1 


aught and pack animals, 
transport vehicles, consumption of fue 


1, lubricants and cattle feed and gross earnings 
have been collected and tabulated. Information collected relates, in general, to 
the reference period of a month preceding the date of Survey. In the case of con- 
Sumption of cattle feed. fuel, lubricants and other materials data for 
period of a week preceding the date of survey 
presented in this report, however, 
made to estimate annual v 
of the results. 


the reference 
also have been collected. The tables 
give only monthly estimates. No attempt has been 


alues lest the seasonal factors should vitiate the accuracy 
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1.7. All households who derived the whole or a part of their income by 
rendering transport service were included in the frame for selection of sample house- 
holds irrespective of whether they were actually engaged in the enterprise during 
the month prior to the date of investigation or not. Thus. the households who were 
not rendering transport service in the reference period but regarded themselves to 
be usually in the occupation were also selected for survey in view of the seasonal 
nature of the enterprise. Investigations for the seventh round were undertaken 
in October 1953 and continued up to March 1954. During this period agricultural 
operations in respect of kharif crops were at their height and hence it is likely that 
activities in respect of transport enterprise remained suspended in all those house- 
holds where agriculture provided the chief means of livelihood and transport service 
occupied a subsidiary position. In regard to such households, information on 
employment and gross earnings, could not be had as the reference period to which 
the data were to pertain was a month preceding the date of investigation. However, 
the data on fixed capital and cost of upkeep of animals maintained for transport 
enterprise were available. i 


1.8. Because of this seasonal variation two sets of estimates have been 
prepared. One set relates to all households offering transport services regardless 
of their stoppage of activities at certain periods of the year and the various 
particulars relating to employment, expenses and income have been spread over 
all these households. These estimates will be useful later to study seasonal fluctua- 
tions when data relating to different points of time will be collected (Appendix IT). 
‘The other set relates to only those households which were offering transport 
services in the reference period of this survey and excludes all those which were not 
operating in this period. The particulars of employment, expenses and income of 
these operating households have been shown separately (Appendix I). To make the 
position clear, the tables have been given in two separate sets in Appendices 
I and II. 


1.9. A point about the data relating to fixed capital should be noted. In 


‘the case of land and buildings, the ‘cost of acquisition’ and not the value on the date 


of survey was collected. Similarly, for transport vehicles, tools, draught and pack 
animals ete., the value at first use has been collected. The ‘cost of acquisition’ or 
‘the value at first use’ will not, however, admit of any comparison on account of the 
changes in price at different times when similar assets may have been acquired by 
different households. This procedure, in spite of its limitations, was adopted due to 
some practical difficulty of determining their values on the date of survey. However, it 
may be mentioned here that this method has, been adopted in other major surveys like 
the Census of Manufacturing Industries, also. In cases where land and buildings etc. 
were inherited by the present operator, the cost of acquisition could not be ascertained. 
Hence, the data relating to fixed capital items given in this report have reference to 
the cost of acquisition of non-inherited part only. 
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COVERAGE 


1.10. As in the four earlier rounds, the geographical coverage of the seventh 
round of the survey was the whole of rural and urban areas of the Indian Union 
excluding Jammu and Kashmir, and Andaman and Nicobar Islands. _AMtogether 
more than 40,000 sample households were visited for the different enquiries under- 
taken in this round. The number of households contacted for 


particulars of transport 
enterprise were 4 


394 of which 2742 were from rural areas and 1652 from urban areas. 


DEstay or THE SURVEY 


LIl. Rural areas: The sampling was done in three stages. In the first 
Stage, sample tehsils were selected after s 
240 strata. In the second stage, sample vill 
tehsil and in the third Stage, sample 


sample villages. 


1.12. India was first divided into ‘Natural Div 
Registrar General, Ministry of Home Affairs. C 
Sumer expenditure for each Natural Division was then calculated on the basis of 
data collected in the first round of National Sample Survey and the 
number of tehsils to be‘sampled from the different Natural Divisions w 
to these consumer expenditures. Stratification of tehsils within each N 
Was done on the basis of density of population subject to the 
consumer expenditure of each stratum within the Natur 
Or less equal. The number of Strata so formed in e 
that two sample tehsils Were to be selected from 


consumer expenditures of all strata of all N 
The number of str 


uitably stratifying all the tehsils into 
ages were selected from cach selected 
households were selected from each of the 


sions’ as defined by the 
‘0overnment of India. The total Ccon- 


allocation of the 
As proportional 
atural Division 
condition that total 
al Division would be more 
ach Natural Division was such 
each stratum. Thus, the total 
atural Divisions were approxim 
ata. so constituted. was 240. 

1.13. From each stratum. two sample tehsils w 
proportional to area or population of th 
each selected tehsil two sample v 


ately equal. 


ere selected with probability 


e tehsils and with replacement. Within 
illages were then selected 
Proportional to area or population of the v 


all, 960 sample villages were selected for sur 


again with Probability 
illages and with replacement. 
Vey. 


Thus, in 


1.14. In each sample village 
for broad industrial grouping by 
list of all households engaged in 
this 10 sample households wer 
enterprise. In those villages w 
enterprise was less than 10 
of households so selected an 


all the households were listed with indications 
the productive enterprise of the household. The 
transport enterprise was then prepared 
€ selected for survey on details regan 
here the number of households engag, 
» All the households were selected. 
d surveyed was 2742. 


and from 
ding transport 
ed in transport 
The total number 
1.15. Urban areas: Asin rural area the sampling in urban area Was also 
done in three stages. In the first stage, sample towns were selected after proper 
stratification of all the towns. 


In the second stage, sample blocks were selected from 
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each first stage unit and in the third stage, sample households were selected from each 
sample block. 

1.16. All the towns in India excluding the four big cities of Bombay, Calcutta, 
Delhi and Madras were divided into four strata based on the population of the towns 
and from each stratum towns were selected separately from four regions constituting 
the whole of India. These four regions were built up from the six population zones 
adopted by the Registrar General. Towns were selected with probability proportional 
to the population of the towns and with replacement. The number of towns so 
selected was 53 of which 14 were from towns with population 100,000 and over; 9 from 
towns with population between 50,000 and 100,000; 14 from towns with population 
between 15,000 and 50,000; and 16 from towns with population below 15,000. Besides 
these 53 towns, the four big cities of Bombay, Calcutta, Delhi and Madras with popula- 
tion over 1,000,000 were also included in the survey making in all 57 sample towns 
and cities. 

1.17. From each of these 57 urban units, required number of blocks, depend- 
ing upon the size class, were selected with probability proportional to the total number 
of households in the blocks and with replacement. The total number of blocks so 
selected were 444. Procedure of selection of households for particulars of transport 
enterprise in each sample block was exactly similar to that in the villages. In all, 
1652 households were surveyed. 

1.18. All-India estimates for rural sector were obtained by summing up 
all the stratum estimates, which were got first by getting the estimates of totals of 
all households engaged in the transport enterprise in the sample villages and then - 
by combining them using suitable weights based on the respective probabilities of 
selection. 

1.19. The procedure of estimation for urban areas is exactly similar to that 
for rural areas. First, the estimates of totals of all households in transport 
enterprise in the sampled blocks were obtained and they were coalesced together 
to give stratum estimates making use of proper weights depending on the corres- 
ponding probabilities of selection. All-India estimates were got by adding all the 
stratum estimates. 


NUMMARY OF MAIN RESULTS 


1.20. Households: There were 1.46 million households in India engaged 
in household transport enterprise as estimated from the seventh round of the 


" National Survey (October 1953-March 1954). 1.06 million of these households 


(73 per cent) were in rural areas and the remaining 0.40 million (27 per cent) in 
urban areas. 


1.21. Due to seasonal nature of the activity only 51 per cent of the house- 
holds in rural areas (0.55 million) and 92 per cent in urban areas (0.37 million) were 
actually Working in transport enterprise during the reference period of the survey. 
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1.22. Type of transport: In rural areas out of the total number of 1.06 
million households 0.91 (86 per cent) million were operating animal-drawn transport 
or animal transport and all other types of transport were of minor importance. 


1.23. Tn urban areas animal-drawn and animal transport accounted for the 
activity of 0.12 million households (30 per cent) out of the total number of 0.40 
million households, man-driven transport like push cart, rickshaw for 0.14 million 


households (35 per cent) and transport coolie and porter activities for 0.12 million 
households. (30 per cent). 


1.24. Bmployment: In all, 1.11 million persons were engaged in household 
transport enterprise which is only 0.78 per cent of the total working population. 


Tigures separately for rural and urban areas are 0.67 million and 0.44 million respece- 
tively. 


1.25. The average employment per working household for the country as a 
whole was 1.22 and the rural and urban averages were 1.23 and 1.21 respectively. 


1.26. Fived capital : Cost of fixed capital employed in household transport 
enterprise excluding land and buildings was Rs.436 per household in rural areas of 
which the larger part viz., Rs. 275 was accounted for by cost of animals and only the 
remaining Rs.161 was cost of vehicles and tools. But, in. urban areas the per 
household cost of animals was only Rs. 78 while that of vehicles and tools was higher 
ati Rs. 364 giving a total of Rs.442 which is very near the rural average. The 
relatively higher average in respect of vehicles and tools in urban areas was due to 


the occurrence of larger number of motor transport operators compared with rural 
areas. 


L127. Barnings: Monthly gross earnings from transport enterprise per 
Working household in rural areas was 


25.44 and the corresponding figure for 
urban areas was Rs. 89. 


These estimates include only receipts in cash or kind 
for transport service rendered and exclude imputed v 


alue of own use which may be 
quite high. 


1.28. Monthly net earnings (gross of depreciations of fixed 


assets) per working 
household in rural areas was Rs. 20 


which is only 45 per cent of the grOss earnings 
while in urban areas the figure was 62 per cent of gross earnings at Rs. 55. 
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CHAPTER Two 
EMPLOYMENT 


2.1. The total number of persons working in household transport enterprise 
during October 1953 to March 195 is estimated at LIIl million for the country 
as a whole. According to the 1951 Census, the total working population was 142.2 
million. Compared with this total in all occupations the proportion in household 
transport enterprise is very small viz., 0.78 per cent. When the increase in total 
working population from 1951 to 1953 is considered, the proprotion will, perhaps, be 
still lower. Figures separately for rural and urban areas are given in Table (2.1). 

TABLE (2.1): ESTIMATED NUMBER AND PERCENTAGE OF PERSONS 
ENGAGED IN HOUSEHOLD TRANSPORT ENTERPRISE IN RURAL 
AND URBAN AREAS: OCTOBER 1953-MARCH 1954 


ৰ 


estimatod number total working percentage working 
areu working in household population from in household transport 
transport enterprise 1951 Census enterprise 
(000) (000) 
(1) (2) (3) (4) 

1. rural 670 120,800 0.55 

2. urban 444 21,400 2.07 

3. total 1114 142,200 0.78 


2.2. In rural areas, number of persons working in household transport 
enterprise was 670,000 which is only 0.55 per cent of total rural working population 
of 120.8 million while in wban areas the figure was 444,000 which is 2.07 per cent of 
total urban working population of 21.4 million. 

2.3. ‘The total number of households engaged in transport enterprise as the 
principal or subsidiary means of livelihood is 1.46 million as estimated from the 
seventh round of the survey. However, there were seasonal fluctuations and all 
these 1.46 million households were not actively engaged in the enterprise in the 
period of the survey. ‘The number of households actually operating in the period 
is estimated at 0.91 million which is only 62.60 per cent of the total 1.46 million. 
This percentage was widely different for rural and urban areas as can be seen from 
Table (2.2). 

2.4. Since 546,000 households were not actively engaged in rendering 
transport services during the reference period, the total number of persons working 
in household transport enterprise were in the remaining 914,000 households which 
were working during the reference period. Thus, for the country as a whole the 
average number of persons working in household transport enterprise per household 
(working in the reference period) during October 1953—March 1954 was 1.22. Table 
(2.3) shows that there is very little difference between rural and urban areas in regard 
to this average. 


31 


Vor..22]  SANKHYA : THE INDIAN JOURNAL OF STATISTICS 
TABLE (2.2): ESTIMATED NUMBER OF HOUSEHOLDS ENGAGED IN HOUSE. 
HOLD TRANSPORT ENTERPRISE IN RURAL AND URBAN 
AREAS: OCTOBER 1953-MARCH 1054 
———— ——_———  —_— —_—_—_ i. 


cstimated number of households in 
transport enterprise (000) in the 


[ PaRTS1& 2 


number of col. (3) ns 


aren sample reference period percentage 
households — — = of col. (5) 
working not working total 
(1) (2) (3) (4) (5) (6) 
1. rural 2742 546 515 JUG SLAG 
2. urban 1652 368 31 300 02.23 
3. ‘total 4304 HU4 46 1AGU 02.60 


TABLE (2. 
TR 


: ESTIMATED NUMBER OF PERSONS ENGAGED IN HOUSEHOLD 
SPORT ENTERPRISE PER WORKING HOUSEHOLD: 
OCTOBER 1953-MARCH 1954. : 
estimated number of 


number of 


persons in transport 
aren sample working enterprise 
households houscholds — “oc 
(000) total per working 
household 

(1) (2) (3) (4) (5) 
l. rural 2742 BAG 670 L.23 
2. urban 1652 368 44d 1.21 
3B. total 4304 ILE 1]14 oO 1.22 
5 7 1 oy ft 
2.5. The number of w orking persons included both household 

hired labour. The data rel 


terms of man-days per working day in the 
These estimates of household and hire 


for rural and urban areas are given in Table (2.4). 


TABLE (2.4): HOUSEHOLD AND HIRED 1 


ating to household and hired I 


ahour were collected in 
month preceding the date of interview. 
d labour in terms of man-d 


“ABOUR IN TERMS OF MAN-DAYS 
PER WORKING DAY IN RURAL AND URBAN 


OUCTOBER 1953-MARCH 1954 


AREAS: 


number of m 


Ares 


an-days (000) per working d; 


HEED ay hired man- 
di 
households household hired total DEL cnt of 
labour labour total man- 
চ days 
0 2) 3) ] (5) (6) 

1. rural 2742 564 72 636 11.32 

2. urban 1652 377 51 428 11.99 

8. total 4394 oa 193 1004 11.56 


ays per working day 
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2.6. Figures of man-days per working day show how many persons were 
+ Working on an average on a working day. A small proportion of persons was not 
working full time in this line. This is indicated by the fact that while the average 
number of working persons for the country was 1,114,000 persons, the average man- 
days per working day. were 1,064,000. Of the total man-days of 1,064,000 hired 
labour accounted for only 123,000. i.e., the percentage of hired man-days was only 
11.56. This shows that small-scale transport services operated mostly with household 
labour. These percentages for the rural and urban areas were similar. 


2.7. The monthly amounts disbursed as charges to hired labour are shown 


in Table (2.5). 


TABLE (2.5): MONTHLY CHARGES FOR HIRED LABOUR IN RURAL AND 
URBAN AREAS: OCTOBER 1953-MARCH 1954 


monthly total man-days monthly 
number of charges for of hired labour charges for a 
aren sample hired labour per working day hired labourer 

households Rs. (000) (000) (Rs.) 
(1) (2) (3) (4) (5) 

1. rural 2742 2336 72 32.44 

2. urban 1652 2444 51 47.92 

8. total 4394 47580 123 38.86 


2.8. The monthly charge for a hired labourer was Rs.32.44 in rural areas 
as compared with Rs. 47.92 in urban areas. The average for the country as a whole 
Was Rs. 38.86 per person. 


2.9. The relative importance of the different types of transport in the 
rural areas from employment point of view is shown in Table (2.6). 


2.10. Out of the total of 670,000 persons, 425,000 or 63.43 per cent were 
offering transport services with bullock or buffalo-drawn carts, 96,000 persons or 
14.33 per cent with carts drawn by other animals or with pack animals. Boats and 
other water transports accounted for 81,000 persons or 12.09 per cent of total. In 
regard to the other two types given in Table (2.6) the estimates are 42 and 26 thousand 
which together contributed only 10.15 per cent of the total employment. The category 
‘others’ includes man-driven transports like rickshaws, palanquins and dulies and 
power-driven transports like motor cars. 

2.11. The position in respect of employment in the urban areas was different 
as can be seen from Table (2.7). 


2.12. Out of the total of 444,000 persons, 63.52 per cent or 282,000 were 
engaged as rickshaw pullers, carters, porters etc. Employment with animal-drawn 
carts and vehicles accounted for 22.97 per cent and with pack animals 3.15 per cent. 
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Motor cars and vehicles accounted for 7.66 per cent. Employment in all other types 
of transports taken together came to 12,000 persons or 2.70 per cent of the total. The 
category ‘others’ includes water-borne transports like boats. 


TABLE (2.6): NUMBER OF WORKING PERSONS BY TYPES OF TRANSPORT 
IN RURAL AREAS: OCTOBER 1953-MARCH 1954 
Laem SSE EEE 


estimated 


number of percentage of 
type of transport working persons total 
(000) 

Eg (0) (2) (3) Ml 
1. bullock and buffalo carts 425 63.43 
2. pack animals and vehicles drawn by other animals 96 14.33 
3. boats and other water transports 81 12.00 
4. porters and coolies 12 6.27 
5. others 26 3.88 
6. total = “ioo.0 
7. number of sample households 2742 ea 
8. number of sample villages 950 DiS 


‘TABLE (2.7): NUMBER OF WORKING PERSONS BY TYPE 


S OF TRANSPORT 
IN URBAN AREAS: OCTOBER 1953. 


MARCH 1954 


ostimated 
number of percentage of 
type of transport working persons total 
(000) 
(1) (2) (3) 
1. man-drawn transports like push carts, 
cycle-rickshaws ete. 154 34.69 
2. porters and coolies 128 28.83 
3. animal-drawn carts and vehicles 102 22.97 
4. motor cars and vehicles 34 7.66 
5. pack animals 14 8.15 
6. others 12 2.70 
7. total 444 100.00 
8. number of sample households 1652 ই 
9. number of sample blocks 443 
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COMPARISON WITH CENSUS 1951 


2.13. The number of persons engaged in transport activities by various 
classifications have been shown in the occupational tables of the 1951 Population 
Census. These figures refer to all kinds of transports, such as by road, water, air and 
railways and to persons of all occupational status in both large- and small-scale enter- 
prises. Besides, in the Census, the number of persons comprised all those who nor- 
mally derived some income from transport enterprise while in this report, the number 
of working persons is based only on those households which were operating transport 
enterprise during the reference period of the survey. Furthermore, the Census figures 
refer to 1951 whereas the figures of the present survey refer to the period October 
1953 to March.1954. The Census and the survey figures are thus not Strictly compara- 
ble. Nevertheless, if the number of persons engaged in small-scale transport by 
road and water are separated from the total Census figures, a comparison of the 
figures thus arrived at with those of the present survey will be of interest. 


2.14. The number of persons engaged in transport as principal means of 
livelihood are given in Table BIT in 1951 Census Report, Vol. IL, Part TIC. A 
summary of these figures is shown in Table (2.8) arranged by rural and urban areas, 
by types of transport and by occupational status of the persons. 


TABLE (2.8): NUMBER OF PERSONS ENGAGED IN TRANSPORT EBNTER- 
PRISE AS PRINCIPAL MEANS OF LIVELIHOOD : CENSUS 1951 


——————_—_—_—_—_—_—_—_—_—— 


transport by employers employees independent total 
Workers 
(1) (2) (3) (4) (5) 
rural 
Ls road 6,750 95,021 149,891 251,662 
& water 2,557 38,348 29,975 70,880 
- air 49 3,408 270 3,725 
4. railways 208 188,736 8,749 197,693 
urban 
L road 23,265 293,782 324,750 641,797 
2. water 3,321 120,558 22,009 145,888 
3 air 86 8,498 1,185 9,769 
4 railways 99 360,568 14,359 375,026 


2.15. The number of persons who had transport activities as their secondary 
means of livelihood are given in Table BIT in 1951 Census Report, Vol. I, Part IIB. 
Breakdowns by rural and urban areas, by transport type or by occupational status 
were not, however, given. A summary of these figures is given in Table (2.9). 
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eT TS T ENTER- 
TABLE (2.9): NUMBER OF PERSONS ENGAGED IN TRANSPORT ENTEF 
i a ENSUS 195 
PRISE AS SECONDARY MEANS OF LIVELIHOOD : CENSUS 1951 


PE re ATE re LS nea 


number of persons 


i ‘earners and earning 
oan dependants) 
(1) (2) 
a 406,218 
1. persons with agriculture as principal means 
2. persons with occupations other than agriculture ns LONE 
J1,02 
principal means 
568, 146 
3. total (rural and urban) 


2.16. The breakdown for rural and urban areas not being given. a division 
can be made on some reasonable assumptions. Tt will not be wrong to assume that 
all the persons who had agriculture as their principal means of livelihood were living 
in villages and that half of the persons who had non-agricultural occupations as their 
principal means of livelihood were also living in villages. The allocation of half to 
the villages in the latter case has been based on the fact that about half of the total 
persons who had non-agricultural occupations, with or without secondary occupations, 
were living in rural areas viz., 16.5 out of a total 32.4 million. ‘Thus, persons who 


had transport operations as their secondary means of livelihood may be divided 


between. rural and urban areas as follows : rural areas, 487.000 persons; and urban 
areas, 81,000 persons. 


‘These figures include employees too. Subtracting the number 
of employees calculated on the assumption that the proportion of employees in the 
total number of persons is the same in both the cases where transport activities were 
the principal or secondary means of livelihood, the number of employers and inde- 
pendent workers having transport services as a, secondary means of livelihood came 
to 286,000 and 38,000 for the rural and urban ar 

2.17. We may now take note of persons who may be considered as small- 
scale transport operators. In keeping with the definition of transport operators 
used in the sample survey under discussion, the figures of independent workers and 
employers in relation to transports by road and water in Table (2.8) will roughly show 
the number of persons engaged in small-scale operations as principal means of live- 
lihood. In the present context the figures relating to air transport and railways 
are excluded. When the relevant figures in Table 


(2.8) are added, the number of 
persons for rural areas comes to 189,173 and that for urban areas 373,345. Taking 


principal and secondary means of livelihood together, the number of Persons engaged 
in household transport operations (excluding employees) 


come to 475,000 and 411,000 
for rural and urban areas respectively giving a total of 886,000. 
2.18. 


eas respectively. 


These figures do not include employees in household transport enterprise 
annot be compared with the to 


in Table (2.1). Even though separate esti 
not directly available from the Survey, 


tal estimates of number of Persons given 
mate of persons other than employees is 
& good approximation to this can be had by 
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taking the household part of the estimated total number of persons based on pro- 
portion of household man-days to the total man-days (ef. Table 2.4). These adjusted 
figures for persons other than employees from the survey come to 594,000 and 391,000 
for rural and urban areas respectively. 


2.19. Now, a comparison between the two sets of figures of number of persons 
other than employees engaged in household transport enterprise may be made. 


TABLE (2.10): A COMPARISON OF NUMBER OF PERSONS OTHER THAN 
BMPLOYEES ENGAGED IN HOUSEHOLD TRANSPORT ENTERPRISE 
AS OBTAINED FROM 1951 CENSUS AND NSS SEVENTH ROUND 


a tt ee a a 


number of persons other than employees in 
household transport enterprise (000) 


aren 
Census 1951 NS38 : Oct. 1953- 


March 1954 


(01) (2) (3) 


1. rural 475 504 
2. urban 411 391 
3. total 886 985 


9.90. As mentioned in para 2.13 the figures are only roughly comparable 
since the gap between the two periods is nearly three years. The assumptions made 
in arriving at the figures are also to be noted. However, the table shows that about 
a million persons in the country were self-employed in transport service. 
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CHAPTER THREE 
FIXED CAPITAL 


3.1. Data regarding fixed capital could be collected from all sample louse: 
holds engaged in transport activities irrespective of whether they were operating in 
the period of the survey or not. The value of fixed capital assets does not depend on 
the operation or non-operation of the household concerned. The per household and 
other figures in this chapter are therefore based on all households engaged in trans- 
port services. It may also be mentioned that the data collected in respect of fixed 
capital pertained to cost of acquisition of non-inherited assets only. 


3.2. It may be of interest to know the extent to which inherited assets have 


affected the estimates. Fixed assets comprise land, buildings, draught and pack 


animals, and transport vehicles, tools ete. Of these, animals, vehicles, tools ete. 


do not present any difficulty in regard to the question of inheritance because the 
relative numbers were insignificant. In the case of land and buildings, however, the 
Proportions were not insignificant and Table (3.1) gives the percentages of sample 
households which inherited land and buildings used in transport enterprise. 


TABLE (3.1): PERCENTAGE OF SAMPLE HOUSEHOLDS WHICH IN- 
HERITED LAND AND BUILDINGS USED IN TRANSPORT 
ENTERPRISE: OCTOBER 19538-MARCH 1954 
= —  — —————————————————————————————————_—_—__— 


number porcontage of housoholds inhoriting 


area of sample 
households land building 
(1) (2) (3) (4) 
1. rural 2742 21.52 6.60 
2. urban 1652 3.69 2.48 
8. total 4394 12.18 5.05 
3.3. 


The proportions of households Which inherited land were 21.52 
8.69 per cent in the rural and urban areas 


percentages for buildings are 6.60 and 2.48. 
areas with respect to both land and buildings 
were higher for land than for buildings. 


respectively. 


and 


The corresponding 
The proportions were higher in rural 


. In both the areas the percentages 


3.4. A point in regard to estimates of fixed capital per household is that 


the figures may be vitiated to some extent by the inherited assets. 
totals of households, the inheriting households were 
entries could be made regarding cost of ac 
these cases. In view of this, theeavera 
to be underestimated. 


3.5. The values of land and buildin 
are given in Table (3.2) 
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also included even though no 
quisition of the fixed assets in most of 
ge value of fixed capital per household is likely 


£5 separately for rural and urban are as 
arranged by types of transport. 
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TABLE (3.2): VALUES OF LAND AND BUILDINGS PER HOUSEHOLD 
USED IN TRANSPORT ENTERPRISE IN RURAL AREAS: 
OCTOBER 1953-MARCH 1954 


number of value per household in Rs. 


type of transport households 
engaged land buildings 
(000) 
(1) (2) (3) (4) 
1. bullock and buffalo carts 783 4.66 43.90 
2. pack animals and vohicles drawn by 
other animals 131 3.59 50.24 
3. boats and other water transports 49 0.10 1 NE SY 
4. portors and coolies 61 0.00 0.00 
5. others 44 3.04 15.18 
6. total 1061 4.01 39.30 
7. number of sample households 2742 
8. number of sample villages 959 


3.6. It will be seen that the average value of land per household used only 
for this enterprise was very low. The average values of buildings were higher, e.g., 
Rs.43.90 in the case of bullock or buffalo carts and Rs.50.24 in the case of carts 
drawn by other animals or pack animals. Actually in a large proportion of cases no 
values were noted for land and buildings because these were not specifically assigned 
to carts and animals. It may be noted here that the field staff were instructed to 
allocate the value of land or buildings in proportion to the gross earnings wherever 
a household used them for more than one enterprise. 

3.7. The figures for the urban areas are shown in Table (3.3). 


TABLE (3.3): VALUES OF LAND AND BUILDINGS PER HOUSEHOLD USED IN 
TRANSPORT ENTERPRISE IN URBAN AREAS: 
OCTOBER 1953-MARCH 1954 


| 


estimated 
type of transport number of value por household in Rs. 
households SOT Lat AMER TEENS ONE 
ongaged (000) land buildings 
(1) (2) (3) (4) 
1. motor cars and vohicles 12 96.00 308.75 
2. man-drawn transport like push carts, 
cyclo-rickshaws ote. 144 0.13 1.24 
3. portors and coolios 120 0. 00 0.00 
4. animal-drawn carts and vohicles 107 14.74 47.78 
5. pack animals 10 0.60 53.50 
le 6 0.00 4.00 
6. others 
399 6.90 238.95 
7. total 
52 
8. number of sample households 1652 
443 


9. number of sample blocks 


3.8. In the urban areas, the average values of land used per household were 


much higher in comparison with those for rural areas, e.g., the figure for motor cars 
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i s Rs. 14.7 or other types of 
and vehicles was Rs. 96.00 and for animal-drawn carts Rs.14.74. For other types 
transports the values of land used were insignificant. ‘The value of buildings per 

i 308.75 for ' CAT'S € rehicles : value for 
household was as high as Rs. 308.75 for motor cars and are But ৯ 1 ba 
carts and animals was around Rs.50 and was in level with similar values in rur 
areas. The values of buildings for other types of transport were insignificant. 


3.9. The values of (a) draught or pack animals and (b) vehicles and tools, 
used for transport enterprise in the rural areas are given in Table (3.4) by types 
of transport. 


TABLE (3.4): VALUES OF ANIMALS, VEHICLES AND TOOLS PER HOUSEHOLD 
USED IN TRANSPORT ENTERPRISE IN RURAL AREAS: 
OCTOBER 1953-MARCH 1954 


estimated ্‌ 
numbor of vuluo per housohold in Rs. 
type of transport housoholds ন = 
engaged (000) animals vohiclos 
and tools 
01) (2) (3) (4) 
1. bullock and buffalo carts 78:3 331.71 134.01 
2. pack animals and vehicles drawn by 
other animals 131 246.53 42.75 
3. boats and other wator transports 42 — 815.57 
4. porters and coolies 61 — 4.74 
5. others +4 — 589.64 
6. total 1061 275.293 161.19 
7. number of sample households 2742 
8. number of sample villages 959 
3.10. 


The average value for animals per household was Rs. 331.71 in the case 
of bullock and buffalo carts, and Rs.246.53 for other draught animals and pack 
animals. The question of animals does not arise in other Cases. In regard to vehicles 
and tools, the per household value for boats and other water transports was the 


highest, namely, Rs.815.57. ‘Others’ included motor vehicles also and hence the per 
household average came to a figure as high as Rs. 589.64. 


3.11. Similar figures for the w'ban areas are given in Table (3.5). 

3.12. ‘The average value for animals 
buffaloes and other draught animals. The per household v 
animals, namely, Rs.431.30. The figures for animals in 
are not entirely comparable because of their grouping in different Ways. In regard to 
vehicles and tools, the per household value for motor cars and vehicles was 
Rs. 9242.75, for animal-drawn carts and vehicles Rs. 173.25, and for cycle-rickshaws 


and rickshaws Rs. 78.00. The accessories in relation to pack animals came to Rs. 19.20 
per household, ‘others’ included boats and other water transports. 


per household was Rs. 249.7 6 for bullocks, 


alue was higher for the pack 
the rural and urban tables 
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TABLE (3.5): VALUES OF ANIMALS, VEHICLES AND TOOLS PER HOUSEHOLD 
USED IN TRANSPORT ENTERPRISE IN URBAN AREAS: OCTOBER 
1953-MARCH 1954 


estimated value per household in Rs. 
number of 
typo of transport households animals vehicles 
engaged (000) and tools 
Ei (1) (2) (3) (4) 
1. motor cars and vohicles 19 দত 0949.75 
2. man-drawn transports like push carts, 
cyclo-rickshaws ote. 144 ea 78.00 
3. portors and coolios 120 es 0.20 
I 4. animal-drawn carts and vehicles 107 249.76 173.25 
5. pack animals . 10 431.30 19.20 
6. othors 6 _— 816.17 
7. total i 399 77.79 363.60 
8. number of sample households 1652 
9. number of sample blocks 443 


3.13. The figures of the main items of the fixed capital are now brought 
together for convenience in one table, namely, Table (3.6). 


TABLE (3.6): BREAKDOWNS OF FIXED CAPITAL IN VALUES AND PERCENTAGES FOR 
DIFFERENT TYPES OF TRANSPORT IN RURAL AREAS: OCTOBER 1953- MARCH 1954 


i —————— — ————— —— — — — —_— —_—_—_—_—_—_—_—_—_—_—_——__———_—_—_—_—_—_—_—_—_—__—— 


(i) value per housohold in Rs. 


4 vehicles 
type of transport land build- animals and total 
ings tools 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 4.66 43.90 331.71 134.01 514.28 Vr) 
2. pack animals and vohicles drawn 
by other animals 3.59 50.24 246.53 42.75 343.11 
3. boats and othor water transports 0.10 1.71 Ee 815.57 817.38 
4. ull types together 4.01 39.30 275.23 161.19 479.64 
(ii) percentage distribution j 
“ bullock: and buffalo carts 0.91 8.54 64.50 26.05 100.00 
6. pack animals and vohicles drawn by 
othor mmimals 1.05 14.64 TL. S85 12.46 100.00 
J. boats and other water transports 0.01 0.21 — 99.78 100.00 
S. all types together 0.84 8.17 57.38 33.61 100.00 
9. number of sample households 2742 
10 কী 950 


number of sample villages 1 


3.14. The breakdowns for bullock and buffalo carts show that roughly 
oir of the fixed capital went for the draught animals, about a fourth for 
vehicles and tools, and about a tenth for land and buildings. For the next group, 
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since the pack animals have been combined with vehicles drawn by animals other than 
bullocks and buffaloes, the proportion of value for animals came higher to nearly 
three-fourths and that for vehicles and tools to only about a tenth of the total value 
of the fixed capital. In the case of boats and other water transports, almost the 
whole value was accounted for by the craft. 


3.15. Similar figures for the urban areas are given in Table (3.7). 
TABLE (3.7): BREAKDOWNS OF FIXED CAPITAL IN VALUES AND PERCENTAGES FOR 


DIFFERENT TYPES OF TRANSPORT IN URBAN AREAS: OCTOBER 1¢ MARCH 19: 


 ——————————————————_——_—_—_—————————_——_—__—_—_—_——_——_—___—_—________—_—_—_——_—_—_—_—_—_—_—_—_—_—_—_——_——_—_—_—— 


(i) value por household in Rs. 


vohiclos 


type of transport land Lr animals ক total 
(1) (2) (3) (4) (5) (6) 

1. motor cars and vohicles 96.00 308.75 — 9242.75 9647.50 
2. animal-drawn carts and vohicles 14.74 47.78 249.76 173.25 485.53 
8. man-drawn transports liko push carts, 

cycle-rickshaws ote. 0.13 1.24 ed 73.00 74.37 
4. all types together 6.90 23.95 77.79 363.60 472.94 

(ii) porcontago distribution 

5. motor cars and vohiclos 1.00 3.20 = 95.50 100.00 
6. animal-drawn carts and vohicles 3.04 9.84 5HL.44 35.68 100.00 
7. man-drawn transports like push 

carts, cyclo-rickshaws ote. 0.17 1.67 — 98.16 100.00 
8. all types together 1.46 5.07 16.47 77.00 100.00 
9. number of sample households 1652 

10. number of sample blocks 443 


3.16. It will be seen that although the per household values of land and 
buildings used in the case of motor cars and vehicles were much higher than those for 
other types of transport, their proportion to the total value of fixed capital was 
only 4.20 per cent. Vehicles and tools accounted for as much as 95.80 per cent. 


‘The percentage breakdowns in the case of animal-drawn carts and vehicles were 35.68 
per cent for vehicles and tools, 51.44 per cent for draught animals and 12.88 per cent 
for land and buildings used. As for the type of tra 


nsport pulled by man, nearly the 
Whole value went for vehicles and tools. 
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CHAPTER FouURr 
COSTS AND EARNINGS 
RURAL AREAS 


4.1. The particulars on costs and earnings included in this chapter refer 
to operating households only. The households which were not operating at the time 
of the survey had very little to show in regard to running costs and earnings and 
in most cases the entries in the schedules were just ‘nil’. Figures under these 
items were meaningful only for the operating households and only a monthly picture 
of costs and earnings during the period, October 1953 to March 1954, will be 
obtained from the data. Throughout the discussion in this chapter, by costs the 


input is meant. 
’ 


4.2. ‘The different costs arranged by types of transport are given in 
Table (4.1). 
TABLE (4.1): BREAKDOWNS OF MONTHLY COSTS PER OPERATING HOUSEHOLD IN 
TRANSPORT ENTERPRISE IN RURAL AREAS: OCTOBER 19538-MARCH 1954 


EEE TEE EEE EEE ESE CEES 
costs per household 


estimated (Rs.) 
number of 
typo of transport house- fueland animal repair other total 
holds lubri- foed and main- expenses monthly 
(000) cants tenance costs 
(1) (2) (3) (4) (5) (6) (7) 
1. bullocks and buffalo carts 375 0.54 23.22 11.09 0.11 34. 96 
2, carts and vehicles drawn by other 
animals and pack animals 59 0.32 29.46 13.30 0.23 43.31 
3. boats and other water transports 31 12.39 — 18.77 0.19 96.35 
4. porters and coolios 35 a — 0.03 0.03 0.06 
5. others 16 74.62 — 68.06 2.56 145.294 
6. all transports 546 3.32 20.75 12.56 0.20 36.88 
7. number of sample households 2742 
8. number of sample villages 959 


4.3. The total recurring costs per month per household were Rs.34.96 for 
bullock and buffalo carts, Rs. 43.31 for carts and vehicles drawn by other animals 
and pack animals, Rs.26.35 for boats and other water transports and Re. 0.06 for 
porters and coolies. The figure for ‘others’, which included motor cars and vehicles, 
Was Rs.145.24. 


4.4. As regards breakdowns of costs, it may be seen that the per household 
costs for fue], lubricants etec., were the highest for ‘others’ which included motor 
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e FI a aD ie: Wa TENG Ss and other 
cars and vehicles namely, Rs.74.62. The cost was Rs.I12.39 for boats 


i + icles হা OSHS ENC 
water transports. For all types of animal-drawn carts and vehicles these costs we 


negligible. Costs on cattle feed were relevant for two types of transport only, name ১-৫ 
i yr 21° animals mek 
bullock and buffalo carts, and carts and vehicles drawn by other animals and 1 KL 
8 re ¥ ATS ‘her 

animals. The repair and maintenance costs for bullock and buffalo carts, oth 


Otis UE ihe: sainie OrdGE 
animal transports and for boats and other water transports were of the same ord 


varying between Rs.11.09 and Rs.I13.77. There was very little by way of repair 


7] : ua thie ince > 
and maintenance charges for porters and coolies, but for ‘others’ which included 
motor vehicles these costs were high, namely, Rs.68.06. Other expenses, which 
included charges for stores and services, were of low order in all cases. 


4.5. The costs for animal feed raise two special problems. 


Firstly, in addi- 
tion to costs of fodder which w 


as purchased the amount also included imputed value 
of supplies obtained from one’s own farm or otherwise. ‘The question is. to what 
extent the inclusion of such imputed value will give a realistic picture of costs. 
Secondly, most of these animals, particularly bullocks and buffaloes, were not used 
exclusively for transport operations but for other worl as well including cultivation. 


What proportion of costs of animal feed should we allocate to transport operations ? 


4.6. Let us first consider the question of home supply. Of the amount of 


Rs.23.22 per household for feed for bullocks and buffaloes, Rs.11.49 or about 50 


Per cent represented value imputed to fodder supply obtained in other w 


ays than 
by purchase. 


In the case of other animals, the proportion of home supply w 
lower namely, Rs.6.34 out of Rs.29.46 or just above a, fifth. 
came from the produce of a farm which might 
came through straying. 


as much 
A part of the fodder 
have alternative use but a part also 


4.7. As for the question of allocation, since the animals were 
than one purpose, the costs of feed should be allocated Over different activities pro- 
portionately. However, as the particulars on which allocations would be based 
were not collected in the schedule, an idea of the proportionate use of bullocks and 
buffaloes for transport work was obtained from another Schedule used in the same 


Survey. The latter schedule was canvassed to collect data, on agriculture and 
animal husbandry wherein information on different uses of farm 


Whole" year was recorded. The particulars of those 
engaged in transport services showed. that 17.3 per cent of their cattle time was used 
in transport work. This figure, however, referred to a Whole year and not just to the 
period, October 1953 to March 1954, concerned in the present survey. BU since 
Wwe have no data on allocation other than this, it is being used here to get the suitable 
cost of feed for bullocks and buffaloes. The figure should be considered as approximate 
only and when further information on this Point is collected, necessary adjustments 
will be made. The allocated cost of cattle feed thus comes to Rs.4.02 per household 
for transport operations (17 


‘8 per cent of Rs.23 22). Similar i 
h ১5.23.29). caleuls Ff fe 2 
of other animals could not be made due to want of suitable data tie 3 + + 


used for more 


animals over a 
sample households who were also 
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4.8. ‘The monthly earnings of the households by different types of trans- 
port are shown in Table (4.2).! 


TABLE (4.2): GROSS EARNINGS PER MONTH PER HOUSEHOLD BY GOODS AND PASSENGER 
TRAFFIC IN RURAL AREAS: OCTOBER. 1953-MARCH 1954 


ৰ __—__—_—_————______—__———_—_——_—__—__——————————_—___—______—_—__—_—_———_——————_——_—_________________—___—_—_—————————————— 
gross oarnings per month per housohold 


estimated amount percentage breakdown 
number of (Rs.) 
typo of transport houso- 
৯ holds goods passenger total goods passenger 
(000) traffic traffic traffic traffic 
(1) (2) (3) (4) (5) (6) (7) 
1. bullock and buffalo carts 375 22.98 2.88 25.86 88.86 11.14 
2. pack animals and carts and vohi- gs 
clos drawn by othor animals 59 19.01 28.07 47.08 40.38 59.62 
3. boats and other water transports 31 150.39 7.00 157.39 95.55. * 4.45 
4, porters and coolies 35 22.37 = 22.387 100.00 — 
5. others 16 160.75 192.44 283.19 56.76 43.24 
6. all transports 546 33.56 10.54 44.10 76.10 23.90 
7. number of sample housoholds 2742 
8. number of sample villages 959 


4.9. On the whole, it will be seen, the major part of the earnings came from 
goods traffic. As compared with the total from both the sources, the proportions of 
earnings from goods traffic varied between 89 to 100 per cent for bullock and buffalo 
carts, water transport, and porters and coolies. In the case of carts and vehicles 
drawn by other animals and pack animals, the proportion of earnings from goods 
traffic was 40.38 per cent and that from passenger traffic 59.62 per cent. The propor- 
tion of earnings from goods traffic was 56.76 per cent in the case of ‘others’ which 
included motor vehicles, and that from passenger traffic was 43.24 per cent. 


4.10. A comparison of the earnings and costs by different types of trans- 
port will be of interest and is given in Table (4.3). 


4.11. The differences between the gross earnings and total costs are not 
exactly net incomes because these are gross of depreciation of fixed assets. The 
approximate nature of costs for bullock and buffalo carts, and for transports by 
other animals, due to difficulties of allocation should also be noted. However, the 


figures will show the order of net incomes. It will be seen that the per household 


1 In the National Sample Survey, the general approach to all enterprise activitios is to got the 
duction both sold out and consumed by the households. But this may not be rigidly stuck to 


values of pro bi 
5 because of the very nature of the enterprise, 


in the service type of enterprises 
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incomes for the first two types of transports namely. transport by all kinds 
of animals, were low as compared with the last three t ypes of transport. The TEAsON 
for this is that most of the households offering the first two types of service 
worked only partially for transport operations. 


TABLE (4.3): MONTHLY EARNINGS AND COSTS PER HOUSEHOLD IN TRANSPORT ENTER- 
PRISE IN RURAL AREAS: OCTOBER 1953-MARCH 1954 


= —_—_————_—_—_—__ oo... — 


estimated por housohold 
number of por month (Rs.) 
i CGR tn LTrOss total differenco 
(000) earnings cost s* 
0) (2) (3) 0) (5) 
1. bullock and buffalo carts 375 25.86 15.76 10.10 
2. pack animals and carts and vohicles drawn 
by other animals 89 43.31 3.77 
3. boats and other wator transports 31 26.35 131.04 
4. porters und coolios 35 0.06 2 
5. others 16 145.24 137.95 
6. all transports 546 23.64 20.46 
7. number of sample households 2742 
8. number of sample villages 959 


* cost of cattle feed allocatod in Proportion to use of the animals in transport operations 


URBAN AREAS 

4.12. As in the case of rural 

areas also relate to operating househ 
during the period October 19 
Costs are given in Table (4.4). 


TABLE (4.4): BREAKDOWNS OF 


areas, the figures of costs 
olds only; and the fi 
53 to March 1954. The } 


and earnings in urban 
gures give a monthly picture 
Mreakdowns of the running 


MONTHLY COSTS PER OPERATING HOUSEHOLD IN 


CTOBER, 1953-MARCH 1954 


estimated 
number of cost per household in Rs. 
house- 
type of transport holds fuol, cattle ropair and other total 
(000) lubri- foed mainte- expen- monthly 
cants ance Bes °‘ costs 
(1) (2) (3) (4) (5) (6) (7) 
1. motor cars and vehicles 10 422.70 == 198.60 29.60 650.90 
2. man-drawn transports like push l 
carts, cycle-rickshaws ete. 140 0.38 — 2.60 0.07 3.05 
3. porters and coolies SIT = = bee 0. 01 0:01. 
4. animal-drawn carts and Vehicles 88 0.87 45.44 11.25 0.35 5. 88 
a pack animals 8 — 38.75 15.38 1.25 55.88 
6. others 5 0.80 = 8.20 0.60 9.60 
7. all transports 368 11.85 1.7L 9.52 0.95 34.083 
8. number of sample households 1652 
9. number of sample blocks 443 
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4.13. The per household total of monthly costs was the highest for motor cars 
and vehicles, namely, Rs.650.90. The expenses for all the other types of transport 
were much below this level. The costs of transports using animals were somewhat 
higher than the rest because of the expenses for maintaining the animals. For 
example, the total cost per household was Rs.57.88 per month for animal-drawn 
carts and vehicles and Rs.55.38 for pack animals as compared with Rs.3.05 for 
transport like push carts, cycle-rickshaws, rickshaws ete. 


4.14. Table (4.5) shows the earnings from goods and passenger tinaffio. Hor 
the different types of transport. 


TABLE (4.5): GROSS EARNINGS PER MONTH PER HOUSEHOLD BY GOODS AND PASSENGER 
TRAFFIC IN URBAN AREAS: OCTOBER 19538-MARCEH 1954 
CTE EEE ETE enter rc DETECTED TNE ST dE dn NE NEEDED tn 


estimated gross earnings por month per household 
number of 
houso- amount 
holds Rs. percentage breakdown 
typo of transport (000) —— ~ = 
goods passenger total goods passenger 
traffic traffic trafic traffic 
ff (9) (3) (4) (5) (6) (7) 
1. motor cars and vohiclos 10 578.60 620.10 1198.70 48.97 51.73 
2. man-drawn transports like push 
carts, cyclo-rickshaws ote. 140 23.38 35.60 59.07 39.58 60.42 
3. portors and coolies 117 34.53 — 34.53 100.00 — 
4. animal-drawn carts and vohicles 5S 50.98 34.61 35.59 59.56 40.44 
5. pack animals 5 82.38 0.50 82.88 99.40 0.60 
6. others 5 60.40 5.80 66.20 91.24 8.76 
7. all transports 368 50.39 38.80 89.19 56.50 43.50 
8. number of sample households 1652 
J. number of sample blocks 443 


4.15. ‘The income from passenger traffic was 43.50 per cent of the total and 
this was much higher than the proportion for the rural areas which was 23.90 per 
cent. The earnings were roughly evenly divided between the two Sources, goods 
and passenger traffic, in the case of motor cars and vehicles, man-drawn transports, 
and animal-drawn transports, varying within 40 to 60 per cent. The other ORE 
of transport namely, porter and coolies, pack animals and others got their 
earnings almost wholly from goods traffic. 


4.16. ‘The earnings and costs of the household transport operations in uban 
areas are shown in Table (4.6). 


4.17. As mentioned earlier in relation to the figures of the rural areas, the 
differences between the earnings and costs are gross of depreciation of fixed assets and 
to that extent the figures are not net incomes. As wewould expect, the per household 
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income was the highest for motor cars 


and vehicles namely, Rs.547.80. ‘The incomes 
of households using other ty 


pes of transport were very much lower and this was 
particularly so for animal-drawn carts and vehicles. 


For the same type of transport, 
the level of income Was, however, 


higher in urban areas than in rural areas. 


TABLE (4.6): MONTHLY EARNINGS AND COSTS PER HOUSEHOLD IN 
PORT ENTERPRISE IN URBAN AREAS: OCTOBER 1953-MARCH 1954 


ET 


TRANS. 


ostimatod per housohold por month 
type of transport number of (Rs.) 
housoe- = শপ 
holds Eross total difforonce 
(000) oaurnings costs 
(1) (2) (3) (4) (5) 
1. motor cars and vehicles 10 1198.70 050.90 547.350 
2. man-drawn transports like push carts, 
cycleo-rickshaws ote. 140 50.07 3.05 56.02 
3. porters and coolies 117 384.53 0.01 34.52 
4. animal-drawn carts and vohiclos 88 85.59 57.88 27.71 
5. pack animals 8 82.88 55.38 27.50 
6. others 5 66.20 9.60 56.60 
o——————_—_————_———— __ 
7. all transports 368 89.19 34.08 55.16 
ee EE 2 


8. number of sample households 1652 


TE oe EE 


+ Dumber of sample blocks 443 


Ee Se ne 
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CHAPTER FIVE 
DESCRIPTION OF TABLES 


5.1. There are 12 tables in Appendix I presenting information on household 
transport enterprises in rural and urban areas of India for the period October 1958 
to March 1954. The figures relate only to those households which were operating 
during the reference period of the survey. The figures for rural and urban areas have 
been shown separately. The classifications of transport types are different for the 
two areas because the predominating types were different. 


5.2: The numbers of households given in column (2) of the tables are the esti- 
mated numbers of households engaged in respective types of transport enterprises and 
column (1) in the tables gives the descriptions of the different types of transport. The 
estimates of totals for different items are given in thousands in the tables and the 
per household estimates were arrived at by dividing the totals by the corresponding 
numbers of households. The number of sample villages or sample blocks, as the 
case may be, with the number of sample households are shown in the bottom-most 
lines of each table. 


5.3. Table 1(1) gives the number of households operating the household 
transport enterprise in the survey period, and average number of persons engaged 
| per working day. For the rural areas, the different types of transport have been 
classified as follows : (1) bullock and buffalo carts, (2) vehicles drawn by other animals 
| and pack animals, (3) boats and other water transports, (4) porters and coolies and 
(5) other transports which included motor vehicles also. For the urban areas, the 
classifications are, (1) motor cars and vehicles, (2) man-drawn transports like push 
carts, cycle-rickshaws, rickshaws etc., (3) porters and coolies, (4) animal-drawn carts 

and vehicles, (5) pack animals and (6) other transports including water transports. 


5.4. The total number of persons working in transport operations was 

| 670,000 persons per working day in the rural areas and 444,000 in the urban 

areas. The breakdowns for the different types of transport are shown in column (8). * 
The per household estimates are shown in column (4). 


5.5. Table 1(2) shows monthly expenditures on fuel, lubricants and other 
similar materials as obtained by purchase and by home supply. In the rural areas, 
the overall per household expenditure on these materials as obtained by purchase 
and by home supply were Rs.3.05 and Re.0.26 respectively. Only the figures for 
boats and water transports and for others’ which included motor MEE are 
substantially high. In the urban areas, the overall per household expenditures were 
much higher because of greater use of motor vehicles. 

5.6. Table M3) shows expenditures on cattle feed separately as obtained 
by purchase and home supply. The figures naturally relate to only those types of 


transport where animals were used. 
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5.7. Table I(4) shows the percentage breakdowns of expenditures on fuel. 
lubricants etc., and cattle feed obtained by purchase and home 


supply. ‘The percen- 
tages regarding fuel, lubricants ete. are giv 


en for purchase in column (2) and for home 
Supply in column (3). 92.10 per cent of the total expenditure on fuel ete.. th শক 
areas related to materials which were purchased and only 7.90 per cent to materials 
which were obtained from home supply. 
more interest and 56.99 pe 
home supply. 


The breakdowns for cattle feed are of 
1 cent were obtained by purchase and 43.01 per cent by 
In the urban areas, the proportion obt 
Very low, e.g., for fuel, lubricants etec., 
Was 9.42 per cent. 


ained from home supply was 
it was 0.05 per cent and for cattle feed it 


5.8. Table 1(5) shows the totals of purchases 
expenditures on fuel, lubricants etc. 
monthly expenditure on fue 
in urban areas. 


and home supplies regarding 
» and cattle feed. The overall per household 
lL lubricants, etc., was R, 
The household monthly 
rural areas and Rs.1L.TL in Urban arens. 


5.3.32 in rural areas and Rs.LL.S5 
expenses for cattle feed were Rs.20.75 in 

5.9. Table 1(6) relates to the monthly expenditures on repair and 
tenance and rent in household transport enterprises. Rent 
hiring, if any, of vehicles and equipments. T 


On repair and maintenance in rural and urban sectors Were Rs.12.56 and Rs.9.52 
respectively, The expenses on rent per household were Re.0.45 and Rs.T.64 in 
the rural and Urban arens respectively. 

5.10. Table 1(7) 
purchased. Table 1(8) 
and interest on loan~ca, 


main- 
included charges of 
he per household monthly expenditures 


shows monthly expenditures on other stores 
Shows monthly expenditure for licences, t. 
pital in household tr 

5.11. Table 1(9) gives the 
in household transport e 
1953 to March 1954. 
Ww 


and on services 
AXCsS and local rates; 
ansport enterprise. . 
household and hired m 
terprise in rural and urban 
The per household figure for h 
aS 1.03 persons per working day in the rural are 
areas. The number of hired man-days per worki 
0.13 person per household and for urb 

5.12. Table 1(10) 
transport enterprise in rual and urban ave 
1954. Tt will be seen that 


for boat and other Water transports, namely, Rs. 39. 
areas, the highest charges 


Were recorded for 
Rs.174.40 per household. 


5.13. Table 1(11) sh 
traffic in household tran: 
October 1953 to 


n-days per Working day 
areas, luring the p 


i eriod October 
ands belonging to the household 
as and 1.02 persons in the urban 
ng day in the rural areas was only 
1 areas 0.14 person. 
Shows the monthly hired labour charges in household 


@S during the period October 1953 to M. 


arch 
in rural areas, the hired | 


abour charges were the highest 


94 per household. 


In the wban 
motor 


cars and vehicles, namely, 


areas for the period 
isehold earnings from 

In the Urban areas, 
old and Rs.38.80, from 


€ rural Areas, the per how 


Passenger traffic Rs. 10.54, 
the average earnings from Eoods traffi Were Rs. 50.39 per househ 
Passenger traffic. ER 
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5.14. Table 1(12) gives the monthly total of earnings from both the sources 
in household transport enterprise. Column (5) shows the monthly gross earning per 
household and column (6) the monthly gross earning per working person. In rural 
areas. monthly gross income per household was Rs.44.10 and the per .working person 
figure was: Rs.35.94, In urban areas, the corresponding figures were Rs.89.19 and 


Rs.73.93 respectively. 


5.15. Appendix IT, as stated in paras 1.7 and 1.8 of chapter one, consists of 
all tables giving the different estimates pertaining to all households offering transport 
services but not necessarily operating in the reference period of the survey. Figures 
of the fixed assets only have been discussed in the text of this report. The rest of 
the figures, especially those relating to other items, have not been discussed, because 
these figures with reference to operating households only have been meaningful in 
the context of this report. The figures relating to all households have, however, 
been given with the report for the reason that these will be useful for studying 
the seasonal variations when similar figures are obtained from subsequent surveys. 
The arrangement of columns in the tables is similar to those in Appendix I. 


5.16. Table 2(1) shows in column (2) the number of households engaged in 
transport operations, at one time or another, in the course of a year preceding the 
date of survey. The households have been arranged by types of transport 
operated by them. Totals of persons and household sizes have been shown in 
columns (3) and (4). Column (5) gives the average number of persons per working 
day and column (6) the per household figures. 


5.17. Table 2(2) relates to the values of land and buildings used in house- 
hold transport enterprise in rural and urban areas. Column (3) shows the values of 
land in thousands of rupees, while column (4) shows the values of land per household. 


‘Similarly, columns (5) and (6) give respectively the total values of buildings used by 


households in transport enterprise and the values per household. 


5.18. Table 2(3) shows the values of draught and pack animals and transport 
vehicles and tools used in household transport enterprise in rural and urban areas. 
The figures regarding animals are relevant to certain: types of transport only. 


5.19. Table 2(4) relates to monthly expenditure on fuel, lubricant and other 
materials as obtained by purchase and home supply in household transport enter- 
prise in rural and urban areas. In the rural areas, the overall per household expendi- 
tures for supplies obtained by purchase and from home were Rs.1.63 and Re.0.15 
respectively. In the urban areas, the corresponding values were Rs.11.36 and 
Re.0.01. 

5.20. Table 2(5) shows monthly expenditures on cattle feed as obtained by 
purchase and home supply. Total expenditures on the animals have been shown 
and no allocations in proportion to the use of these animals in transport operations 
The expenditures in this respect are naturally in regard to 


have been made here. y k 
animals, and animal-driven transports only, 


bullock- and buffalo-drawn carts, pack 
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5.21. Table 2(6) shows the percentage breakdowns of expenses on fuel, 
lubricants etc., and on cattle feed ranged by purchase and home supply. The 
arrangement of the table is the same as Table 1(4) in Appendix I. 


5.22. Table 2(7) shows the total values of purchase and home supply taken 
together in regard to fuel, lubricants etc., and cattle feed. 


5.23. Table 2(8) shows the monthly expenses on repair and maintenance 


and on rent in the period of October 1953 to March 1954. The per household monthly 
expenditure on repair and maintenance in rural and urban areas were Rs.8.68 and 


Rs.9.28 respectively. The per household figures for rent were Re.0.28 for rural 
areas and Rs.7.21 for urban areas. 


5.24. Table 2(9) gives the monthly expenditures on other stores and services 
and Table 2(10) the monthly expenses for licences, taxes and rates, 
On loan capital. The Per household values Were very low 


5.25. Table 2(11) gives the household and hired man-days per working 
day in household transport enterprise in rural and urban areas. The totals of man- 
days worked in both the categories are the sume as in Table 1(9) of Appendix l, 


and on interest 
in both the areas. 


5.26. Table 2(12) relates to the mon 
transport onterprises. 


in Appendix IL, but the 
of households. 


thly hired labour charges in household 
igures are the same as in Table 1(10) 
are different because of larger number 


5.27. Tables 2(13) and 2(14) show figures regarding monthly gross earnings 
from goods and Passenger traffic in household transport enterprise and the per house- 
hold and per capita values of the: 


f 8e earnings. Since the ear 
tion to the Operating households, the values of 
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"TABLE  1(1): 


TABLE  1(2): 


TABLE 1(3): 


TABLE  1(4): 


‘TABLE  1(5): 


Tani  1(0): 
TABLE 1(7): 
TABLE  1(8): 
TABLE  1(9): 
TABLE 1(10): 
‘TABLE 1(11): 


APPENDIX I 


LIST OF TABLES Hl 


(OPERATING HOUSEHOLDS ) 


Number of households operating in small-scale transport enterprise and average 
number of persons engaged por working day : October 1953-March 1954 


Value of monthly consumption of fuel, lubricants etec., obtained by purchase and by 
home supply in household transport enterprise : October 1953-March 1954 


Monthly value of cattlo feed obtained by purchase and by home supply in house- 
hold transport enterprise : October 1953-March 1954 


Porcentage breakdown of expenses on fuel, lubricants etc., and cattle feed obtained 
by purchase and by home supply in household transport enterprise: October 


1953-March 1954 


Total value of monthly consumption of fuel,. lubricants etc., and cattle feed in 
household transport enterprise: October 1953-March 1954 


Monthly oxpondituro on ropair und maintonanco and ront in housohold transport 
onterpriso : October 1953-March 1954 


Monthly expenditure on stores and services in household transport enterprise : 
October 1953-Maurch 1954 


Monthly expenditure on licences, taxes etc., und interest on loan capital in house- 
hold transport ontorpriseo: Octobor 19539-Mauroh 1954 


Household and hired man-days per working day in household transport enter- 
prise: October 1953-March 1954 


Monthly hired labour charges in household transport enterprise: October 1953- 
March 1954 


Monthly gross earnings from goods and passenger traffic in household transport 
enterprise: October 1953-March 1954 


TABLE 1(12): Monthly gross earnings in household transport enterprise : October 1953-March 


1954 


APPENDIX I 


(ALL HOUSEHOLDS IN TRANSPORT OPERATIONS) 


TABLE 2(1): Number of households engaged in small-scale transport enterprise, household size 


and average number of persons engaged per working day: October 1953- 
March 1954 
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Value of land and buildings used in household t 
March 1954 


ransport ontorprise : Uctober 1953- 


Value of draught and pack animals and vohiclos and tools used in household trans- 
port enterprise: October 1953-March 1954 


Value of monthly consumption of fuel, lubricar 


tS otc., obtained by purchuso and 
by home supply in household transport ontorp 


rise : October 1953-Manreh 1954 


Y purchase und by homo supply 


in housou- 
953-March 1954 


hold transport onterprise: October 1 


» lubricants ote., and cnttlo food 


obtained by purchase and by homeo supply in housohold transport ontorprise : 


October 1953-March 1954 


ption of fuel, lubricants ote., und cnattlo food in 


household transport ontorprise : Octobor 1953-March 1954 


enterprise : October 1953-March 1954 


S and sorvicos in housohol 


I transport ontorpriso : 
October 1953-March 1954 


Monthly expenditure On liconcos, taxes ete., and interest on loan capital in houso- 


hold transport ontorpriso : October 1953-March 1954 


Monthly hired labour char 


"ges in household transport enterprise : October 1953- 
March 1954 


Sd Eross oarnings in household transport enterprise : Octobor 1953—March 
i 
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APPENDIX I 


TABLE 1(1): NUMBER OF HOUSEHOLDS OPERATING IN SMALL-SCALE TRANSPORT 
ENTERPRISE AND AVERAGE NUMBER OF PERSONS ENGAGED PER 
WORKING DAY: OCTOBER 19538-MARCH 1954 


o—————————_—_—_—_—_—_—_—_———_—_ নন ন_—_—__————_—ন——_——_———_—— 


rural areas 


number of persons 


-' - estimated Kk per working day — 
ts number of 
bP RIOFTONHROr households total per 
(000) (000) household 
(1) (2) (3) (4) 
MNES EEE, 0 Te = কৰ হে 
1. bullock and buffalo carts 375 425 . 1.13 
2 তা vehicles drawn by othor 
2. pack animals and ন নর fins 
Animals ww Pe AEE? a 
ম্‌ 1 81 2 
3. boats and othor wator transports 8 el 
ত ff 35 49 1.20 
4. porters and coolies 
16 26 1-62 
5. others “ - = 
a FE 546 670 1.28 
6. total ie 
To TE 2 TT 
7. number of sample households - Ee 
SC SE ee OT TASS IE 
8. number of samplo his acs URE EE Pt WE SE et BEE SCT 
pa SEE fear 
urban areas. - EE IE EET Co 
—————_—_—____ = ===  — — — 
ENE EEE number of persons 
SE per working day 
number 0 eC SPM aC: OTS: 
typo of transport households total 5) NEE 
(000) (000) housohold 
=D (2) (3) 0 


10 34 3.40 
1. motor cars and vehicles a k 


ts like push carts, 
 man-drawn transports liko P 140 154 1.10. 


cycle-rickshaws ote. 2 l Ee 


ts 


nd coolio: 17 io 1 
3. porters and coolios H k WM fl 
হও > : 
4, animal-drawn carts and vehicles 88 i ig 
ol KE iy 1¢ 1.75 
Es pack animals 
$ 22 2.40 
6. othors 
368 444 না 
7. total ন 
8. number of sample housoholds 
5 443 
9. number of sample blocks 
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TABLE 1(2): VALUE OF MONTHLY CONSUMPTION OF FUEL, LUBRICANTS ETC., OBTAINED 
BY PURCHASE AND BY HOME SUPPLY IN HOUSEHOLD TRANSPORT ENTBR- 
PRISE: OCTOBER 1953-MARCH 1954 


— =  —————————————————————————————————————————_————_————————————— 


rural areas 


by purchase hy homo supply 
sstimated 
EERE Nene CR HES ns silo. Housnlale 
(000) (Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 375 199 0.53 4 0.01 
2. pack animals and vehicles drawn by 
other animals 80 29 0.32 [) 0.00 
3. boats and other water transports 31 249 8.083 135 4.35 
4. porters and coolies 35 0 0.00 0 0.00 
5. others 16 1190 74.38 4 0.25 
6. total 546 1667 3.05 143 0.26 
7. number of samplo households 2742 
8. number of sample villages 959 
—_—___—_—_—___ 


urban arens 


by purchase 


SHE by homo supply 
type of transport number of total per total por 
housoholds value housohold valuo housohold 
(000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(01) 


(2) 


a | (3) (4) (5) (6) 


4227 422.70 [1 


2. man-drawn transports like Push carts, 
cycle-rickshaws etc. 140 52 0.37 1 0.01 

3. porters and coolies 117 0 0.00 0 0.00 

4. animal-drawn carts and vohicles 88 76 0.86 1 0.01 

5. pack animals 8 0 0.00 

6. others 


5 


0 

* 0.80 0 0.00 
8. number of sample Foustoids Tos ———— US OO 
_- member ofeamplo boos —— TH OOOO 
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TABLE 1(3): MONTHLY VALUE OF CATTLE FEED OBTAINED BY PURCHASE AND BY 
HOME SUPPLY IN HOUSEHOLD TRANSPORT ENTERPRISE : 
OCTOBER 1953-MARCH 1954 i SP 


. rural areas 
cathlo food 
ostimated by purchase by home supply 
ibonof bionapont REIL total per total per 
(000) value household value household 
(Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
Eater) (2) 8 «0 (6) (6) 
1. bullock and buffalo carts 375 4400 11.79 il 4310 11.49 
2. pack animals and vehicles drawn by 
othor animals 59 2058 23,12 564 6.34 
3. boats and other water transports 31 0 0.00 0 0.00 
4. porters and coolios 35 0 0.00 0 0.00 
5. othors 16 0 0.00 0 0.00 
6. total 546 6458 11.83 4874 = 8.98 F 
7. number of sample households h 2742 ত 
8. number of sample villages 959 Ea 
Urban areas 
REE Be SO fa cuttlo feed 
type of transport. RS FETS by home supply 
households total per total OT 
(000) value household value household 
(Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
ke mn 5) 3) 0 6) 6 
EF motion cars and vehicles 10 0 0.00 be 0 0.00 
2. man-drawn transports like push carts, 
cycle-rickshaws ete. 140 0 0.00 0 0.00 
3. porters and coolios 117 0 0.00 0 0.00 
4. animal-drawn carts and vohicles 58 3593 40.83 406 4.61 
5. pack animals 8 310 88.75 0 0400 
6. others y 5 0 0.00 0 0.00 
7. toa EE LE: 3903 10.61 406 110 
SAE Ep households 1652 
9. number of sample blocks 443 Fi 
—  — — — 
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TABLE 1(4): PERCENTAGE BREAKDOWN OF EXPENSES ON FU El RL BRI : 
| AND CATTLE FEED OBTAINED BY PURCHASE AND BY HOME SUI EL ২ 
HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 195 MARCH 1954 
EEE 
EERE ia ate gann oa ESE? 


rural area 


porcontaugo bronkdown 


fuol, Iubrieants ote. cattle food i 
type of transport শ ্ষ ন 
is é pur- home total pur- home total 
chase supply chaso supply 
fT 02) (3) 4) (5) (6) 7) 
1. bullock and buffalo carts 98.03 1.97 100.00 50.52 49.48 100.00 
2. pack animals and Vohicles drawn 
by other animals 100.00 U.00 100.00 78.49 21.51 100.00 
3. boats and other wator transports 64.541 35.16 100.00 — En in 
4. porters and coolios ক EY Ga জে - — 
5. others 99.66 0.34 100.00 
6. total 92.10 7.90 100.00 56.099 43.01 100.00 
7. number of sample households 2742 
Beh Ge FE = ww i রি 
8. number of Samplo villages Y50 
Ea Pt Sritot ng el aie 
Urban areas 
a হা ন 
porcontago broakdown 
fuel, lubricants ote. ট 
type of xansport 01, lubricants otc cuttlo food 
pur- homo total pur- homo total 
chase supply chaso supply 
1 —- ন 
(1) (2) (3) (4) (5) (6) (7) 
1. motor cars and Vohicles 100.00 0.00 100.00 — — 
2. man-drawn transports like push 
carts, cycle-rickshaws ote. 98.11 1.89 100.00 ন i — 
3. porters and coolies 5, A Ee 
4. animal-drawn carts and vohicl YJ 
vohicles 98.70 1.30 100.00 89.85 10.15 100.00 
5. pack animals 
ও 100.00 0.00 100.00 
6. others 100.00 0.00 100.00 ন it i 
7. total হর ড 
99.95 0.05 100.00 90.58 9.42 100.00 
8. number of sample households 1652 ih 
9. number of sample blocks 443 সা - 
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NATIONAL SAMPLE SURVEY: HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 1(5): TOTAL VALUE OF MONTHLY CONSUMPTION OF FUEL, LUBRICANTS ETC., 
AND CATTLE FEED IN HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 
1953-MARCH 1954 \ 


rural areas 


fuel, lubricants ote. cattle feed 
estimated 
typo of transport number of total per total per 
a households value household value household 
i (000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 375 208 0.54 8710 93.99 
2, pack animals and vohicles drawn by 

other animals 80 29 0.32% 2622 29.46 

3. boats and other water transports 31 384 12.39 0 0.00 

4. porters and coolios 35 0 0.00 0 0.00 

5. others 16 1194 74.62 0 0.00 

6. total 546 1810 3.32 11332 20.75 
7. number of sample households 2742 
8. number of sample villagos 959 


urban areas 


fuel, lubricants ete. cattle foed 
estimated 
typo of transport number of total per total per 
households value household value household 
(000) (Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
0) (2) (3) (4) (5) (6) 
1. motor cars and vohicles 10 4997 499.70 0 0.00 
2. man-drawn transports liko push carts, 
cycle-richshaws ete. 140 53 0.38 0 0.00 
3. portors and coolios 117 0 0.00 0 0.00 
4. animal-drawn carts and vohiclos 88 প্ৰ্ 0.87 3999 45.44 
5. pack animals 8 0 0.00 310 38.75 
6. others 5 4 0.80 0 0.00 
7. total 368 4361 11.85 4309 1.71 
8. number of sample households 1652 
9. number of sample blocks 443 


1 STATISTICS DARTS 1&2 
Vor. 22 SANKHYA : THE INDIAN JOURNAL OF TATISTICS [ Parts 1 
ৰ TENANCE AN ENT IN 
TABLE 1(6): MONTHLY EXPENDITURE ON REPAIR AND MAINTENANCE ND RENT 

£ HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER I1U93-MARCH 1954 


mF —___—_—_—_ —_—_—_—_—_——— — 


rural areas 


ropair and 
estimated maintenance ront EEE 
ৰ - number of 5 ie) ll 
ECTS: households total por total Ep ld 
(000) value household value househo. 
(Rs. 000) (Rs.) (Rs. 000) (a) 
ay (2) (3) (4) ME. 
l aE, Ef May SY 0.24 
1. bullock and buffalo carts 375 4157 11.00 
2. pack animals and vehicles drawn by “ 
StLBF animals 39 1184 13.30 6 007 
3. boats and other wator transports 31 4&7 13,77 80 Bh 
4. portors and coolies 35 1 0.03 0 0.00 
5. others 16 1089 68.06 71 4.44 
6. total 546 6858 12.56 246 0.45 
7. number of sample households 2749 
8. number of sumple villages 959 E | 
oa a WMS SEA J i — 
urban areas 
oe CSUN EE Ee 
repair and 
ostimated maintenance ront 
type of transport. number of = ্ re 
g households total por total per 
' (000) value household value household 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
hE mnt (3) (4) (5) (6) পুং 
1. motor cars and vehicles 10 1986 198.60 209 29.20 
2. man-drawn transports like push CArts, 
cycle-rickshaws ote. 140 364 2.60 2175 15.54 
3. porters and coolios 117 0 0.00 8 0.07 
4. animal-drawn carts and vehicles 88 990 11.95 334 3.80 
5. pack animals 8 123 15.38 2 0.25 
6. others 5 41 8.20 1 0.20 
7. total 
368 3504 5.85 2819 7.64 
8. number of sample households 1652 
K 9. number of sample blocks 43 ক 
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NATIONAL SAMPLE SURVEY: HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 1(7): MONTHLY EXPENDITURE. ON STORES AND SERVICES IN HOUSEHOLD 


TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


rural areas 


other stores 


services 
estimated 
type of transport number of total per total per 
households value household value household 
(000) (Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 375 24 0.06 18 0.05 
2. pack animals and vehicles drawn by 
other animals 89 2 0.02 19 0.21 
3. boats and other water transports FN 1 0.03 5 0.16 
4. porters and coolies 35. 0 0.00 1 0.038 
5. others 16 5 0.50 38 2.06 
6. total 546 35 0.06 76 0.14 
7. number of sample households 2742 
8. number of sample villages 959 
urban areas 
other stores Services 
ostimated 
types of transport number of total per total per 
households value household value household 
(000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
0) (2) (3) (4) (5) (6) 
1. motor cars and vohicles 10 156 15.60 140 14.00 
2. man-drawn transports like push carts, 
cyclo-rickshaws ote. 140 TL 0.01 9 0.06 
3. porters and coolies 17 0 0.00 1 0.01 
4. animal-drawn carts and vehicles 88 5 0.06 23 0.26 
5. pack animals 8 10 1.25 0 0.00 
6. others 5 0 0.00 3 0.60 
7. total 368 172 0.47 176 0.48 
8. number of sample households 1652 
9. number of sample blocks 443 
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C ২ se ) 
Vor, 22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [PaRrTsl&2 
TABLE 1(S): MONTHLY EXPENDITURE ON LICENCES, TAXES ETC., AND INTEREST ON 
LOAN CAPITAL IN HOUSEHOLD TRANSPORT ENTERPRISE: 
OCTOBER 19538-MARCH 1954 


— 


rural areas 


licences, taxes 


intorost on 
and rates 


ostimatoed 


loan capital 
typo of transport number of i 
households total por totul por 
(000) valuo  housohold value  housohold 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
[g (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 375 51 0.14 100 0.97 
2. pack animals and vohicles drawn by 
other animals 59 46 0.52 2 0.02 
3. boats and other wator transports 31 18 0.58 0 0.00 
4 porters and coolios 35 7 0.20 0 0.00 
5. others 16 240 15.56 40 2.50 
6. total 546 371 0.68 142 0.26 
7. number of samplo households 2749 ত — 


8. number of sample villages 959 


urban arenas 


MM LE Esmee EEE HOE EE 
iG liconcos, taxes intorost on 
De GR tenes a and ratos loan capital 
Earns no AEE one Laan 
households total por 
total Or 
(000) value household valuo household 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
1 
0) (2) (3) (4) (5) (6) 
1. motor cars and vehicles 10 993 99.30 9 2.30 
HS 9. 123 12. 
2. man-drawn transports like push carts, 
cycle-rickshaws ete. 140 30 
0.21 0 0.00 
8. porters and coolies 117 4 0.03 
08 0 0.00 
4. animal-drawn carts and vehicles 88 52 0.59 
52 -5¢ 19 0.14 
5. pack animals 8 0 0.00 
i 0 0.00 
6. others 5 7 1.40 0 0.00 
EMM car aE j 
368 IW TE 
1086 2.95 135 0.37 
8. number of sample households 1652 
9. number of sample blocks 443 


62 


TABLE 1(9): 


NATIONAL SAMPLE SURVEY: HOUSEHOLD TRANSPORT OPERATIONS 


HOUSEHOLD AND HIRED MAN-DAYS PER WORKING DAY IN HOUSEHOLD 


TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


————————_____————————_——_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_——_—_—_——_—_—_—__ _— — —_—_—_—_—_—_—_—_—_—_—_—_—____———————————————————_—_—_———_—_—_— 


rural areas 


household man-days hired man-days 
ostimuted por working day per working day 
type of transport number of 
households total per total per 
(000) (000) household (000) household 
a (2) (3) 4) (5) (6) 
1. bullock and buffalo carts 375 398 1.06 30 0.08 
2. pack animals and vohicles drawn by 
other animals 59 51 0.91 1 0.01 
3. boats and othor wator transports 31 36 1.16 ‘33 1.06 
4. portors and coolios 35 29 0.83 0 0.00 
5. othors 16 20 1.25 8 0.50 
6. total 546 564 1.03 KL 0.13 
7. number of sample households 2742 
959 


. number of samplo villagos 


urban areas 


household man-days hirod man-days 
ostimatod por working day per working day 
* a ts number of 
type: oF tratspor households total por total por 
(000) (000) household (000) housohold 
ঢ্ (2) 03) w (5) (6) 
1. motor cars and vohicles 10 Lr 1.10 ০1 2.10 
2, man-drawn transports liko push carts, 
cyolo-rickkshaws oto. 140 136 0.97 13 0.09 
8. portors and coolios 107 120 1.08 0 0.00 
4 imal-drawn carts and vohicles 58 91 1.03 1 0.12 
+ animal 
5. nde GARAGE 8 13 * 1.62 1 0.19 
5. pack 
6. oft 5 6 1.20 5 1.00 
. Others 
1 368 377 1.02 51 0.14 
7. total 
8. number of sample households 1652 
9. number of sample blocks 443 
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VoL. 22] SANKHYA : THE INDIAN JOURNAL OF STATISTIC IS  [PaRTsl&2 
TABLE 1(10): MONTHLY HIRED LABOUR CHARGES IN HOUSEHOLD TRANSPORT 
ENTERPRISE : OCTOBER 1953-MARCH 1954 
& EAE TT = = —— — — i ——— ————i——_—_————————_—_—_ 


rural areas 


2 SSE OSCE 


hired labour charges 


estimated 2 ট 
type of transport numbor of totul per 
households valuo household 
(000) (Rs. 000) (Rs.) 
(1) (2) (3) (4) 
1. bullock and buffalo carts 375 531 1.42 
2. pack animals and vehicles drawn by 
other animals 39 14 0.40 
3. boats and other water transports 31 1238 30.94 
4. porters and coolios 35 0 0.00 le 
5. others | 16 523 32,690 
ৰ EE gt pean sO 
6. total ] 546 2336 4.98 
7. number of sample households 2742 
Snel  —  —— 
8. number of sample villages 959 
7° urban aroas hb, 
Ee OE EY hirod labour chargos 
+ + Ee +  Ostimated 
type of transport number of total por 
households 


bs l 
(000) (Rs. 000) ool 
5 (2) 


(3) (4) 
1. motor cars and Vehicles 10 1744 174.40 
2. man-drawn transports liko Push carts, : 
Cycle-rickshaws te. 140 Vs ) | 
‘45 
3.’ porters and coolios # 117 (1) 
tr 0.00 
4. animal-drawn carts and vehicles 88 
Vs J ‘ 384 4.36 
"5. pack animals gd 8 y 2 | 
be } 22 2.75 
ls others. . 5 i 
7 ‘ 91 18.20 
* total a 368 4 2444 6.64 
8. number of sample households MET Bian unaeo ~CIE ™ Y ' y l 
9. number of sample blocks 443 = * 
RE a 


NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


TABLE I(11): MONTHLY GROSS EARNINGS FROM GOODS AND PASSENGER TRAFFIC IN 
HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


rural areas 


monthly gross earnings from 


ostimated goods passengers 
typo of transport number of 
households total por total per 
(000) value household value household 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts g 375 8616 22.98 1081 2.88 
2. pack animals and vohicles drawn by 
other animals 89 1692 19.01 2498 28.07 
‘3. boats and othor wator transports 31 4662 150.39 217 7.00 
4. porters and coolios 35 783 22.37. 0 0.00 
5. othors 16 2572 160.75 1959 122.44 
6. total 546 18325 33.56 5755 10.54 
7. numbor of sample housoholds 2742 
8. number of sample villagos 959 


urban areas 


monthly gross oarnings from 


ostimatod goods passengers 
type of transport number of - 
housoholds total per total por 
(000) value household value household 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
0) (2) (3) 0] (5) (6) 
1. motor cars and vehicles 10 5786 578.60 6201 620.10 
2, man-drawn transports like push carts, 
cycle-rickshaws ote. 140 3278 238.88 4997 35.69 
3. porters and coolies Lt 4040 34.53 0 0.00 
4. animal-drawn cavts and vohiclos 88 4486 50.98 3046 34.61 
5.- pack animals lb) 659 82.38 i 0.50 
6. others 5 302 60.40 29 5.80 
7. total 368 18546 50.39 14977 38.80 
. 8. number of sample households 1652 
9. number of sample blocks 448 
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CD eal E) পল 2) 
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TABLE 1(12): MONTHLY GROSS EARNINGS IN HOUSEHOLD TRANSPORT ENTERPRISE: 
l OCTOBER 1953-MARCH 1954 


rural aroas 


monthly gross onrnings 


estimated numbor of ee টা BS 
SIRAJONMOTONG Hohe oe ual ( Houenhald NOElkiag 
(000) (000) (Rs. 000) (Rs.) PRS 
1) (2) (3) (4) (5) (6) 
1. bullock and buffalo Carts 375 195 YGIT 25.86 22,89 
2. pack animals and vohiclos drawn 
by other animals SY V6 4190 47.08 43.64 
3. boats and othor Wwator transports 31 Sl 4879 157.39 60.23 
4. porters and coolios 35 42 783 22.37 18.64 
5. others 16 206 4531 283.19 174.27 
6. total 546 og 44.10 85.04 
OEE ioc a De! SUE Seu IIOOEE 
7. number of sample households 2742 
8. number of samplo villagos 959 Le etn 


Urban areas 


Fe at UNO EEE 
f he monthly pgross ournings 
Jstimated number of 
type of transport number of working totunl por por 
households Porsons valuo housohold working 
(000) (000) (Rs. 000) (Rs.) porson 
/ (Rs.) 
8 
(1) (2) (3) (4) (5) (6) 
1. motor cars and Vohicles 10 34 11987 1198.70 352.56 
i 52.5 
2. man-drawn transports like push £ 
carts, cycle-rickshaws ote. 140 154 ১270 59.07 53.70 
U0. 
3. porters and coolios 117 5 
128 4040 34.53 31.56 
4. animal-drawn carts and vehicles 88 102 7532 5 
1532 85.59 73.84 
5. pack animals 8 14 ড 
i 663 82.88 
5. others 5 
(cs 
8. number of sample households 
9. number of Sample blocks 
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NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


APPENDIX II 


TABLE 2(1): NUMBER OF HOUSEHOLDS ENGAGED IN SMALL-SCALE TRANSPORT ENTER. 
PRISE, HOUSEHOLD SIZE AND AVERAGE NUMBER OF PERSONS ENGAGED 
PER WORKING DAY : OCTOBER 19538-MARCH 1954 
Ei TCE JET TRE mg ee LEE WL 


rural areas 


number of persons 


estimated number of persons per working day 
typo of transport uumber of 
b households total per total per 
(000) (000) household (000) household 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 783 5223 6.67 425 0.54 
2. pack animals and vohicles drawn by 131 762 5.82 96 0.78 
other animals 
3. boats and other water transports 42 258 6.14 81 1.983 
4. porters and coolios 61 322 5.28 49 0.69 
5. others 44 256 5.82 26 0.59 
6. total 1061 6821 6.43 670 0.63 
7. number of sample households 2742 
8. number of sample villages 959 
urban areas 
2 number of 
estimated number of persons per wOHDE day 
type of transport number of 
housoholds total By ডু 
P total OT 
(000) (000) household (000) household 
(1) (2) (3) (4) (5) (6) 
1]. motor cars and vehicles 12 95 7.92 34 2.88 
2. man-drawn transports like push carts, 
cycle-rickshaws etc. 144 588 870 154 1.07 
3. porters and coolios 120 488 4.07 128 1.07 
4. animal-drawn carts and vehicles 107 562 5.25 102 0.95 
5. pack animals 10 52 5.20 14 1.40 
6. others 6 31 5.17 19 2.00 
7. total 399 1761 4.41 444 Lt 
+ number of sample households 1652 


8 
9. number of sample blocks 443 
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VoL.22] "SANKHYA: THE INDIAN JOURNAL OF STATISTICS 
TABLE 2(2): 


[ PARTS 1 & 2 
SEY a SSPOR'T ENTER- 
VALUE OF LAND AND BUILDINGS USED IN HOUSEHOLD T RANSPORT EN H 
| PRISE: OCTOBER 1953-MARCH 1954 
hh. AOE —— i  cmmmm————_——_—————_—_—————_———————_—_—_—— 
rural arenas 


valuo of land value of buildings 
Stimatod — = EE টু 

ED Poe (RS, 600) fioiwohold (RE 000) houiiatsold 

(000) (Rs.) =) 

(1) (2) (3) (4) (5) J (6) t 
1. bullock and buffalo carts 783 3646 Ee 4.66 S437] 13.00 
2. pack animals and vehicles drawn by Sl 
other animals 131 dno ED He an 
3. boats and other water transports 42 4 0.10 72 1.71 
4. portors and coolies 61 0 লী G5 প্র 
SEs 44 134 3.04 668 15.18 
LE = == 


1061 4954 


4.01 41602 39.30 


8. number of samplo villages 959 


nt ee 


urban areas 


EEE —— —- —- বৈশ্য 
value of land value of buildings 
estimated ——  — নত ieee 
type of transport numier of total total per 
housoholds (Rs. 000)  housohold (Rs. 000)  housohold 
(000) (Rs.) (Rs.) 
0) (2) (3) (4) (5) (6) 
1. motor cars and vohicles 129 1152 96.00 3705 308.75 i 
2. man-drawn transports like push carts, 
cycle-rickshaws ete. 144 19 0.13 179 1.24 
3. porters and coolies 190 0 0.00 0 0.00 
4. animal-drawn carts and vohiclos 107 1577 14.74 5119 47.78 
5. pack animals 
Pack ani: 10 6 0.60 535 53.50 
6. others 
6 0 0.00 24 4.00 
7. total দ্ং 
399 2754 6.90 9555 23.95 
8. number of sample households 1652 
9. number of sample blocks 443 ES 
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NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 2(3): 


VALUE OF DRAUGHT AND PACK ANIMALS AND VEHICLES AND TOOLS USED 


IN HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


— —  —  — ——— — — — — 


rural areas 


value of value of vehicles 
ostimatod animals and tools 
typo of transport number of 
households total per total per 
(000) (Rs. 000) household (Rs. 000) household 
(Rs.) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 783 259726 331.71 104932 134.01 
2. pack animals and vohicles drawn by | | 
othor animals 131 32296 246.53 5600 49.75 
3. boats and other water transports 42 0 0.00 34254 815.57 
4. porters and coolies 61 0 0.00 289 4.74 
5. othors 44 0 0.00 25944 589.64 
6. total 1061 292022 275.23 171019 161.19 
7. numbor of sample households 2742 
8. number of sample villages 959 
urban areas 
3 value of value of vehicles 
estimated animals and tools 
type of transport number of 
households total per total por 
(000) (Rs. 000) household (Rs. 000) household 
(Rs.) (Rs.) 
2 
(1) (2) (3) (4) (5) (6) 
1. motor cars and vehicles 12 0 0.00 110913 9249.75 
2. man-drawn transports like push carts, 
cycle-rickshaws ete. 144 0 0.00 10512 73.00 
3. portors and coolies 120 0 0.00 24 0.20 
4. animal-drawn carts and vohiclos 107 26724 249.76 18538 173.25 
5. pack animals 10 4318 431.30 192 19.20 
6. othors 6 0 0.00 4897 816.17 
7. total 399 31037 77.79 145076 363.60 
8. number of sample households 1652 
443 


9. number of sample blocks 
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ত UY 7 QT ATIOTTOE ARTS IK 2 
Vor. 22] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Pars lh 
1 1 SANTS TTC TAINED 
VALUE OF MONTHLY CONSUMPTION OF FUEL, LUBRICANTS tae AIN 
BY PURCHASE AND BY HOME SUPPLY IN HOUSEHOLD TRANSPORT EN TER- 
PRISE: OCTOBER 1953-MARCH 1954 


EE nh en 


TABLE 2(4): 


rural areas 


purchase 


home supply 
type of transport rumibor'or tool 0 hn HiGamliod 
(000) (Rs. 000) (Rs. ) (Rs. 000) sec Wl 
0 (2) (3) (4) (5) aE 
1. bullock and buffalo carts 788 258 0.38 16 hati 
2. pack animals and vohicles drawn by 
other animals 131 29 0.22 0 9.00 
3. boats and other water transports 49 240 5.98 135 5.21 
4. porters and coolios 61 0 0.00 0 0.00 
5. others 44 1190 27.04 4 000 
6. total MT = TE বর 
7. number of Sample households 2742 i 
8. number of sample villages 959 


urban arens 


TRE teins 


3 purchase home supply 
estimated |__—-— —  — 

type of transport number of total OT total per 
households Value household 


] 1 oh 
(000) (Rs. 000) (Rs.) (Rs 000) Rs.) 
(1) (2) 


(3) (4) 
1]. motor cars and vehicles 


(5) (6) 
12 4398 366.50 0 0.00 

2. man-drawn transports like Push carts, 

cycle-rickshaws ote. 144 58 0.37 সু 0.01 
8 porters and coolies 120 0 0.00 0 0.00 
4. animal-drawn carts and vehicles 107 78 9.73 0.01 

b 1 i 

5. pack animals 10 0 bs 
6. others 


0.00 


0 0.00 
6 4 0.67 0 0.00 
7. total 399 4533 


11.36 
8. number of sample households 


2 0.01 
1652 
9. number of sample blocks 443 


——_—__—__ 
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NATIONAL SAMPLE SURVEY: HO USEHOLD TRANSPORT OPERATIONS 


TABLE 2(5): MONTHLY VALUE OF CATTLE FEED OBTAINED BY PURCHASE AND BY 
HOME SUPPLY IN HOUSEHOLD TRANSPORT ENTERPRISE : OCTOBER 1958-MARCH 1954 


MME Pe es EE 


rural areas 
estimated Se Hone SUPPLY 
typo of transport number of total per total 
Le ' E00) NE f 00 honiehoa 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 783 5442 6.95 81029 10.35 
2. pack animals and vohicles drawn by 
other animals 131 2190 16.72 548 6.47 
3. boats and othor water transports 42 0 0.00 0 0.00 
4, porters and coolies 61 0 0.00 0 0.00 
5. others 44 0 0.00 0 0.00 
6: total 1061 7632 7.19 8950 8.44 
7. number of samplo households 2742 
8. numbor of sample villagos 859 * k bd 
urban areas 
) (Rs. 000) (Rs.) (Rs: 060) BS 
(1) (2) (3) (4) (5) ] 
1. motor cars and vehicles 12 0 0.00 0 0.00 
2. man-drawn transports liko push carts, * 
cyclo-rickshaws ete. 144 5 0.00 0 0.00 
3. portors and coolios I) 0 0.00 0 0.00 
4. animal-drawn carts and vohiclos 107 4091 38.23. + 536 5.01 
5. pack animals . 10 320 32.00 0 0.00 
6. others ly 0 0.00 0 0.00 
লাক 399 4411 11.06 536 1.34 
8. number of sample housoholds 1652 
443 


9. number of sample blocks 


7TH 


Vor. 22] 


TABLE 2(6): 


HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 


PERCENTAGE BREAKDOWN OF 


EXPENSES ON 


rural areas 


FUEL, 


SANKHYA: THE INDIAN JOURNAL OF STATISTICS I! Parrsl&2 


LUBRICANTS ETC., 
AND CATTLE FEED OBTAINED BY PURCHASE AND BY HOME SUPPLY IN 


1953-MARCH 1054 


porcontugoe bronkdown 


fuol, lubricants ote. 


cattle food 
typo of transport CRE TE ll দি 
a K pur- home total pur. homo total 
? chase supply chaso supply Be 
mn 02) (3) (4) (5) (6) LL 
1. bullock and buffalo carts 94.16 5.84 100.00 40.18 0.82 100.00 
2. pack animals and vohicles drawn 
by other animals 100.00 0.00 100.00 72.00 27.91 100.00 
8. boats and other wator transports 64.84 35.16 100.00 — — an 
4. porters and coolies he iii a 
5. others 99.66 0.34 100.00 -- — — 
6. total 91.76 8.24 100.00 46.02 53.98 100.00 
7. number of samplo households 2742 
8. number of sample villagos 959 
urban areas 
porcontago bronkdown 
RE Eptispo fuel, lubricants ote. cattle food ee 
pur- homo total pur- homo total 
chase supply chaso supply 
EEE = MR. D 
(1) (2) (3) (4) (5) (6) (7) 
1. motor cars and vehicles 100.00 0.00 100.00 — 
2. man-drawn transports like push 
carts, cycle-rickshaws ete. 98.15 1.85 100.00 — 
3. porters and coolies = __, oY CE 
4. animal-drawn carts and vehicles 
icles 98.73 1.27 100.00 88.42 11.58 100.00 
5. pack animals ক 
in 100.00 0.00 100.00 
6. others 100.00 0.00 100.00 — PE te 
7. total 99.96 
0.04 100.00 89.16 10.84 100.00 
8. number of sample housoholds 1652 ঙ 
9. number of sample blocks 443 


ত ৰ 
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NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 2(7): TOTAL VALUE OF MONTHLY CONSUMPTION OF FUEL, LUBRICANTS ETC., 
AND CATTLE FEED IN HOUSEHOLD TRANSPORT ENTERPRISE: 
OCTOBER 1953-MARCH 1954 E 
= — — — — — —_—_—_—_—__———_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_____________ 
rural areas 


fuol, lubricants ete. cattle feed 
ostimated 
‘type of transport numbor of total por total per 
ly households value household value household 
(000) (Rs. 000) (Rs.) (Rs. 000) (Rs.)- 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 783 274 0.35 13544 17.30 
2. pack animals and vohiclos drawn by 
other animals 131 29 0.22 3038 23.19 
3. boats and othor water transports 42 384 9.14 0 0.00 
4. portors and coolios 61 0 0.00 0 0.00, 
5. othors + 1194" 27.14 0 0.00 
6. total 1061 1881 1.77 16582 15.62 
7. number of samplo households 2742 
959 


8. numbor of samplo villages 


urban nreas 


s, fuol. lubricants ote. cattlo food 
Y cstimatod 
type of transport EEL toto por total DOr 
1 holds value household value household 
000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
El motor cars and vehicles 12 4398 366.50 0 0.00 us 
2, man-drawn transports liko push carts, 
cyelo-rickshaws ote. 144 54 0.38 0 0.00 
3. portors and coolios 120 0 0.00 ~ 0 9:00 
4, animal-drawn carts and vohicles 107 Vr) 0.74 4627 43.24 
5. pack animals 10 0 0.00 320 32.00 
6. others f Eg 0.67" 0 0.00 
30 535 ্ ন চা 
7. total is 4096 1186 4047 12.40 
8. numbor of samplo households 1652 
থা 143 ট ll 
9. number of sumplo blocks 
78 
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TABLE 2(8): MONTHLY EXPENDITURE ON REPAIR AND MAIN" 


NANCE AND RENT IN 
HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 1 


I53-MARCH 1954 


EEE EEE 
rural aroas 


EE EE EEO 


ropair and maintonunce ront 
ostimated VEEN Oy > HcUa nance ttetaO 
type of transport. number of 1totnl por total por 
housoholds valuo housohold value household 
(000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
EE 2S ETE WEE TES AOE ERED; “CPN de 
1. bullock and buffalo carts 788 6219 7.94 131 UV. 
2. pack animals and vohiclos drawn by 
other animals 131 1454 11.10 3 VU. 
3. boats and other wator transports 42 437 10.40 S0 1.90 
4, porters and coolios Gl l 0.02 0 0.00 
‘5. others +4 1097 24.93 72 1.64 
6. total 1061 208 5.68 207 0.28 
7. number of sumplo housoholds 2742 0 
SEL bes tiine bing PEE ENS hes die 
8. number of samplo villages 959 


urban areas 


ropair and maintonanco 


ustimatod 
typo of transport number of total per totunl Per 
housoholds valuo housohold valuo housohold 
(000) (Rs. 000) (Rs.) (Rs, 000) (Rs) 
(1) - b 0 
(2) (3) (4) (5) a 
1. motor cars and vohiclos 12 2048 170.6 20 
2 2 70.67 204 Bz 
2. man-drawn transports liko push carts 
cycle-rickshaws ete. ’ 144 37 
377 2.62 2 liz 
3. porters and coolios 120 h a 
টি 0 0.00 5 iD 
4. animal-drawn carts and vohicles 107 1115 10 
j 5 42 352 3.20 
i 0 
pack animals 10 123 12.30 2 0.20 
6. others es | 
7. total : - = ন ) 
399 3704 3 সু 
8. number of sample housoholds 1652 ~~ oo - 
9. number of sample blocks 443 


TABLE 2(9): 


NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


MONTHLY EXPENDITURE ON STORES AND SERVICES IN HOUSEHOLD 
TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


rural areas 


other stores services 
estimated - 
type of transport number of total OT total per 
& households value household value household 
(000) (Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
্চ bullock and buffalo carts 7883 25 0.03 1s 0.02 
2. pack animals and vohicles drawn by 
other animals 131 3 0.02 19 0.14 
3. boats and othor water transports 42 2 0.05 5 0.19 
d 4. portors and coolios 61 0 ক 1:5 0.02 
5. othors 44 8 0.18 33 0.75 
GL total 1061 38 0.04 16 0.07 
7. number of-sample households 2742 
8. number of sample villages 959 
urban areas 
থর . other stores services 
ostimated 
type of transport number of total per total per 
households value household value household 
(000) (Rs. 000) — (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. motor cars and vehicles 12 157 13.08 146 BA 
9, man-drawn transports like push carts, 
cycle-rickshaws etc. 144 1 0.01 9 0.06 
3. porters and coolios 120 0 0.00 :) 0.01 
4. animal-drawn carts and vohiclos 107 5 0.05 23 0.21 
5. pack animals 10 10 1.00 0 0.00 
6. others 6 0 0.00 3 0.50 
| Total 399 173 0.43 182 0.46 
| T. total 
8. number of sample households 1652 
443 
9. number of sample blocks 


75 
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TABLE 2(10): MONTHLY EXPENDITURE ON LICENCES, TAXES BUC. AND INTEREST 
LOAN CAPITAL IN HOUSEHOLD TRANSPORT ENTERPRISE : OCTOBER 1953- MARCH 195 
—_—_—_—_—__  __ 


rural areas 


liconcos, tuxus intorost on 
ostimatod and ratos lonn capital 
type of transport number of ~ Ee 
ied l housoholds totul por totnl por 1 
(000) valuo housohold valu housohol 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) bes 
1. bullock and buffalo carts 783 151 0.10 100 0. 
2. pack animals and vehicles drawn by 
0 
other animals ete. 131 46 0.35 42 0.2 
3. boats and other water transports 42 18 0.43 1) [A 
4, portors and coolios Gl কব VU. 0) 0,00 
5. others Ee 249 5.00 40 0.91 
6. total 1061 471 0.44 182 0.17 
NUE WS EE Oe dO cE EO HRC SUE 
7. number of sample households 2742 
+ UEEELE Monn ie RI: IEEE Ee i EEE 
8. number of samplo villages 059 


~~ 


urban areas 


7 42 EEA 


bee SEES CA Te 


liconcos, taxos 
and rutos 


intorost on 
estimated loan capital 
number of lan cn MSN FER Gindi dns Send 
housoholds total 


type of transport 


por totnl por 
(000) value housohold valuo housohold 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
0) (2) (3) (4) (5) ie 
1. motor cars and vohiclos 12 1042 86.83 138 1 5 
2. man-drawn transports liko push carts, 
cycle-rickshaws ete. 144 30 0.91 0 0.00 
3. porters and coolios 120 4 0.03 0 0.00 
TE CEE ts and vohi 
animal-drawn carts and vohiclos 107 61 0.57 30 0.28 
5. pack animals 
Dp nimal 10 0 0.00 0 0.00 
6. others 6 
7 LAY | 0 0.00 
7. total 
399 1144 2.87 168 0.42 
8. number of sample households 16592 
J. number of sample blocks 443. ia 
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NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 2(11): HOUSEHOLD AND HIRED MAN-DAYS PER WORKING DAY IN HOUSEHOLD 


TRANSPORT ENTERPRISE: 


OCTOBER 1953-MARCH 1954 


a ——— —— —  — —  ——— — 


rural areas 


household man-days 


hired man-days per 


estimated per working day working day 
typo of transport number of 
housoholds total por total per 
(000) (000) household (000) household 
1 (2) (3) (4) (5) (6) 
01) 
1. bullock and buffalo carts 783 398 0.51 30 0.04 
2 animals and vohicles drawn by 
EEE 131 51 0.62 1 0.01 
3. boats and other water transports 42 36 0.86 38 0.178 
4. porters and coolios 61 29 0.45 0 0.00 
5. othors 44 20 0.45 8 0.18 
6, ন 1061 564 0.53 72 0.07 
7. number of sample housoholds 2742 
8. numbor of sumplo villages 959 
urban areas . 
household man-days hired man-days por 
ostimatod per working day working day 
typo of transport number of 
households total per total por 
(000) (000) household (000) household 
(1) (2) (3) (4) (5) (6) 
1. motor cars and vehicles 12 Fl 0.92 91 1.15 
2, man-dvawn transports liko push carts, 
cyclo-rickshaws ote. 144 136 0.94 13 0.09 
3. portors and coolies 120 120 1.00 0 0.00 
4, animal-drawn carts and vehicles 107 91 0.85 11 0.10 
5. pack animals 10 13 1.30 1 0.10 
6. othors 6 6 1.00 5 0.88 
7. total 399 8377 0.94 51 0.13 
8. number of sample housoholds 1652 
443 


. number of sample blocks 


J 


{ AE 
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TABLE 2(12): MONTHLY HIRED LABOUR CHARGES IN HOUSEHOLD TRANSPORT ENTER. 
PRISE : OCTOBER 1953- MARCH 1954 
AEE AEE SEE EEA aime saa SEES EOE 
rural areas 


EE 
— =—__———__ ——_—_—_ 


hirod labour chargos 


ostimated 
number of 
households 


total Ver 
valuo household 


typo of transport 


(000) (Rs. 000) (Ra) 
a) Mie (2) ত) oo 
1. bullock and buffalo carts 783 "1 Tr. 0.68 
2. pack animals and vehicles drawn by 
other animals 131 14 0.34 
8. boats and other water transports 42 1238 20.48 
4. porters and coolies 61 0 0.00 
5. others 44 528 11.80 ie 
wm OTTO j 5 


2336 2.20 
T. number of sample households 


2742 


8. number of saumplo villagos 


ERE = 


Urban areas 


HENMSSGEE EE 
En at 
| hh Si hirod labour benassi MEE 
YP of transport number of total por 
housoholds valuo housohold 
(000) (Rs, 000) (s.) 
চি HEE MEET nr GREE 
00) (2) (3) a 
1. motor-cars and vehicles 12 174 145.33 
4 1) 
2. man-drawn transports like Push carts 
cycle-rickshaws ote. f 144 bi 
203 1. 
3. porters and coolies 120 00 
[1] 0. 
4. animal-drawn carts and Vehicles 107 50 
384 #9 
5. pack animals 10 20 
29 2. 
6. others 


6 ( 
{ 5.17 
7. total in is 


399 
6.13 
oo 


9. number of sample blocks 


443 


78 


NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 


TABLE 2(13): 


MONTHLY GROSS EARNINGS FROM GOODS AND PASSENGER TRAFFIC IN 


HOUSEHOLD TRANSPORT ENTERPRISE: OCTOBER 1953-MARCH 1954 


rural areas 


gross earnings from 5 


ostimatod : goods passengers 
type of transport number of 
¥ households total per total per 
(000) value household value household 
(Rs. 000) (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. bullock and buffalo carts 783 8616 11.00 1081 1:38 
2. pack animals and vohicles drawn by 
other animals 131 1692 12.91 2498 19.07 
3. boats and other water transports 42 4662 111.00 917 5.17 
4. portors and coolios 61 788 12.84 0 0.00 
5. othors 44 2572 58.45 1959 44.52 
6, total - 1061 18325 17.27 5755 5.42 
7. numbor of samplo households 2742 Wl 
8. number of sample villages 959 
urban areas 
Bross income From 
ostimated goods passengers 
type of transport number of 
households total per total por 
(000) value household value household 
(Rs. 000)  (Rs.) (Rs. 000) (Rs.) 
(1) (2) (3) (4) (5) (6) 
1. motor cars and vohiclos 12 5786 482.17 6201 516.75 
9, man-drawn transports like push carts, 
cyclo-rickshaws etc. 144 3278 22.78 4997 34.70 
3. porters and coolios 120 4040 38.67 ) 0.00 
4, animal-drawn carts and vohicles i107 4486 41.92 3046 28.47 
5. pack animals 10 659 65.90 4 0.40 
6. othors 302 50.38 29 4.88 
399 18546 46.48 14277 35.78 
7, total 
number of sample households 1652 
443 


8 
9. number of sample blocks 


9 
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TABLE 2(14): MONTHLY GROSS EARNINGS IN HOUSEHOLD TRANSPORT BNTERPRINSE: 
OCTOBER 1953-MARCH 1954 
পলাল 
 ~~—————————————_—_—————_——_——————_——_—_—_—_—_—__—_—_—__—___________ 


rural areas 


[ PARTS1I&2 


ETOSsS ONMINgs 


estimated numbor of = EE 
typo of transport numbor of working . por por 
households Porsons totul houso- workiny 
(000) (000) value hold porson 
ও (Rs. 000) (Rs.) (Ra.) 
Cm) (2) (3) (4) (5) 0) 
1. bullock and buffalo carts 783 425 i JGUT 12.38 52.82 
2. puck animals and vehicles drawn by 
other animals 131 96 4190 31.98 43.04 
3. boats and othor wator transports 49 81 4879 I6.1T 60.283 
4. porters and coolies 61 42 788 12.84 18.64 
5. others 44 26 4531 102,97 174.27 
ৰ SESE — 
6. total 1061 670 24030 22.60 35.94 
7. numbor of sample households 2749 
8. number of samplo villages 959 টী ET RE 


Urban areas « 


= CEMENT 


OE EE SEES 


K | ErOSS ournings 
ostimated TUNEL Essai AEE 
type of transport number of working totul por per 
ন husoholds persons Valuo honuso- working 
(0000) (000) (Rs. 000) 


hold porson 
te i EE (Rs.) (Rs.) 
(1) (2) = 


(8) (4) (5) (6) 
1. motor cars and vehicles 19 34 11987 998.99 352.50 
€ 998. 52.0 
2. man-drawn transports like push carts, 
cycle-rickshaws ete. 144 154 8270 57. 48 53.70 
3. porters and coolies. 120 128 4040 M 0) 31.56 
2 33.6 31.5 
4, animal-drawn carts and vehicles 107 102 84 
| 2 7532 70.39 73. 
5. pack animals 10 14 on Ga 47.36 
6. others | a | 
6 12 oh 
58 
7. total 399 ae 
444 


8. number of sample households 


32823 82.26 73.98 
ie: Mtn = he ME 
9. number of sample blocks 


80 


NATIONAL SAMPLE SURVEY : HOUSEHOLD TRANSPORT OPERATIONS 
APPENDIX II 
COMPARISON OF RESULTS OF SUB-SAMPLES 


1. Tn the seventh round of the survey the total sample was divided into two 
independent half-samples. In the rural sector, each of the two sample tehsils in any 
stratum constituted a half-sample giving an estimate for that stratum. In the urban 
sector likewise, the sample towns in each stratum were divided equally into two half- 
samples. However, when there was an odd number of sample towns in any stratum, 
the numbers in the two half-samples differed by one. 

2. Table (1) gives the all-India estimates of some selected items by 
half-samples for the rural sector. Cols. (3) and (4) give the estimates half-sample-wise. 
Col. (5) gives the combined estimate and col. (6) the percentage difference. 

"TABLE (1): HALF-SAMPLE ESTIMATES OF SOME SELECTED ITEMS IN RESPECT OF HOUSE. 
HOLD TRANSPORT ENTERPRISE IN RURAL AREAS 


Co ভ—ৎ = 
ostimates of total 


it unit percentago 
iid half- half- combined difforonco 
sunploIl sample II 
(1) (2) (3) (4) (5) (6) 

1. numbor of housoholds ongagod in 

transport enterprise lakh 11.10 10.11 10.61 0.38 
2. numbor of porsons por working day 2) 7.5] 5.60 6.70 32.98 
3. valuo of fixod capital lakh (Rs.) 5511.3) 4668.34 5089.87 16.56 
4. monthly gross oarnings 275.74 205.87 240.380 29.02 
5. number of sample housoholds 2 1415 1327 2742 

4TH 450 959 


6. numbor of samplo villagos 
SEH EE 


3. The estimates by urban half-samples are presented in ‘Table (2). The 


items are the same as in the case of rural sector. 
TABLE (2): HALI-SAMPLE ESTIMATES OF SOME SELECTED ITEMS IN RESPECT OF HOUSE- 
HOLD TRANSPORT ENTERPRISE IN URBAN AREAS 


সা ostimatos of total 


itom unit percontago 
half- half- combined differonce 
samplol sample 11 
চল (1) (2) (3) (4) (5) (6) 
EE . of housoholds ongagod in 
Fl) a cnterprise lakh 4.17 3.90 3.99 6.77 
ranspor' i 
9. numbbr of porsons por working day 2 4.47 5.03 4.44 —12.61 
f fixod capital lahk (Rs.) 1423.36 2517.60 1884.22 —58.05 
3. valuo of fix * 
964.5 384.19 398.9 a6 
4. monthly gross oarnings ” le 264.50 3584.12 328.23 —36.42 
্ হা eo 
5. numbor of sample housoholds 585 767 1652 
6G. numbor of samplo blocks 226 217 448 
Sl 


Lh 
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| Pxwis 1S 2 
It may be mentioned here that in the case of rural sector the combine 
estimates are built from the half-sample estimates and are the arithmetic means of 
them. In the case of urban sector, the combined estimates have been enaleulated 
directly from ail the sample units together and not from the half-saumple estimates. 


4. 


5. The percentage differences given in column (6) of Tables (1) and (2) ave 
the ratios of the excess of first half-sample estimate over that 
combined estimate, expressed in percentages. 


6. A scrutiny of the values of percentage difference shows that the estimates. 
in general, are of the same order. It varies from 9.33 to 32.98 in the rural sector 
while it ranges from 6.77 to 58.05 in the urban sector. 
difference is in respect of average number of persons per 
and value of fixed capital in the urban sector. 
the sectors are for the number of households eng 


of the second to the 


The maximum percentage 
working day in the rural sector 
‘The minimum differences in both 
aged in transport operations. 


APPENDIX 1V 
FACSIMILE OF THE SCHEDULE OF INVESTIGATION 


ক 
TNS « ORIGINAL* 
DUPLICATE 
GOVERNMENT OF INDIA NATIONAL SAMPLE SURVEY : 1953-54 
Household Schedule 2:3: Transport (Seventh Round) 
n 


[2] identification: sample block | [3] classificatory characters 
1. houschold size... . 


[1 identification: eamplo village 
To. distriot......... 34 কএজমকক 


1. z0no-State 
natural division RE 
Bl SET 
2. stratum 
Bandhcsssntme ne TEE 


3. scheme 


2. ,, land! possessed (acre 00.00) - - - “| 


fem 3. ,, industry-occupation code [| 
ema 
f CEES a EEE ETL 
[me Teese 


17. ,, mother tonguc ,, 
9. samplo household 


[5] investigator: 1. name. . 


10. subdivision... eee eee EE 


3. xone.Stato 


11, tehsilJtalukfthana. 


9. polico station... «eee 
sample town 


4. samplo unit I 


5. somplo unit If 13. village. . +--+" 


17. fraction code 


15. census house DO... 


8. sample unit TIT 


[4] informant's responso and ability 
3. signature... 


+ (ii)despatch of schedule. 


2, roll no ..... 


1. bead of bousohold. 
2, informant’s relation to heod 


4. dato (i) survey. 


3. if hoad not availablo, why [6] inspector: 1. name. 
| 


5. date (i) inspootion,.......t..(il) sbrutiny........ (ii) despatch... uses 


‘6. informont'e ability 


6] zonal scrutiny : 1. name of scrutinise! 
GUI ony second informant, why 2 [6] crutiny WU MEER oo kc as os cs Leaner aE REE ne কাছ 


2. signaturo.....csncecnetenenneneenrnes 3. dato (i) rocoipt........(ii) scrutiny, sl 


T.....uennnnsee rd. nO, of shoots of scrutiny notos attached 


7. his rolation to hosd 
(iii) dospatch to I. S. 


a] description and particulars 


1. namo of transport 


2. namo of cstablishmont, if any 


4, no. of branches, if any 


3, yoar of foundation 


6. proprietory-1/partnership-2 


Tent 
ded 


4. improvemont (Rs.00.00) 
during month ended on... ....... 


Paid during month 
on 


7. working season: wholo yoar/month. . +++ 
Morsbs lores tre atiaidulisiee Sualtass 
SR: + (Re. 00.00) 


arnings, last year /scason (Re. 00.00) 


or working day... 


ilding Used In transport industry 


[10] volume of transport servi. 
Produced during month LE 


volume | miles 


number 


| oor space (sq.ft. 00) 


fit purchosed, valuo (Rs. 00.00) 


| Tr eonstructod, cost (Rs. 00.00) 
5 GRpaolad years oflifo sinco construction or purchass (00) 


ront paid during month ended on... ... «. , + (Ra. 00.00) 


| 


air and roaintenanco charges during 
month ondod On. essnsnernennnneneneee (Rs. 00.00) 


7. | rep 


UI ™ draught and pack animals 


[ valuo a8 on date of ্‌ 
EE Ast uss Rs.(00:00) ন during month ended on... . . eee 
no. Bassinets sae Ht oie je 
as description of animals ~ date of | purchased | homobrod EA oF ES fr al ES Ss 
no. in transport indus! survey first use col 4 (Re. 08:00) Tmatnien-..{ no. value (1 
(00): | '(00:00) He. (68:00) dR GES 

| meine 
0) (0.2) 0 (2) 03) (4) (6) 0) ন) 0 [) 
1. 

——_——_— —— 

2. 

b— ৰ ES | — 
9. [ Le 
4 — 
5. 
6. 
Fa T 
8 | টড a 

i ত - i = EE SET k 
9, total 4 ই = 
Adalote whichevor fe inspplicablo 
85 
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12 transport vehicles, tools and TurBiture and httings 


| loxpoct- | during month emits on 
foreign. ls 0s On value at installa - 


led year ‘col. (3)or: 


ক) 

i i leol. (4)-| ront repair & Te: ariel 

indigo: | datoof | tionorfirstuse of iifo feo. (4) ty eps 8D ‘0 

ES MS AME AEAES ET 

a5 items purchas. oats ot ক Jn co0.00)| HCO) 
: (00) 


(10) 


spocification of local consumed during week onded OND. 
and standard unite 


by purchese | by home total 
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SUMMARY. TT istory i PT - 

eT RY The history of Indian Statistics dates back to ancient ti 
Ep E By 90 said to DEV commenced from the early sixties of the nineteenth & te but modem 
p of a Statistical Committee in 1862 charged with the preparation of model XE 4 the setting 
atistical forms for- ad- 


mi i: A tiv + a 
purposes. Then followed the appointment of the first Director G: 
Y whose task was to produce a comprehensive statistical survey of the SE 
¢ country. Later land- 


marks in the development of Indian Statistics were ] 
ie creation of i Statistical Bureau in Calcutta i TC a LE RE i 
Commercial Intelligence in 1905, the appointment of a Director of SEL 5 Diu EE Re 
5) TORBHTC of retrenchment, in 1923, of wage statistics among other Be ft EEL EEL 
Enquiry Committee for 1925, the Royal Commissions on Agriculture EEN ETO 
respectively, the Bowley-Robertson Report of 1934, and the aD Ee ৰ i Oe 

: Committee on Official 


Statistics of 1945. 
PEARLY PERIOD 


In Thdia, as elsewhere, statistics really began as “data relati 
State and 2 collection of facts which HSE be kh hee a 
: w Sdstral and Ain-i-Akbari? stand as towering examples of the tr ক 
description and the temptation is great indeed to go to them for tl I of theiabove« 
reference to statistical compilation; but the research, although : a eS 
would nonetheless be of little practical utility owing to the Ty 2 great historical interest, 
inadequate coverage of such sources. ‘This applies equally to EEA 
tions carried out in the second half of the 1Sth century by o a Fre ad hoc investiga- 
from le public purse, e.g. Mr. Frankland’s Statistical Report or private persons assisted 
ward of Calcutta (1758) which accumulated a great deal oso EE south- 

Statistical material. , 


2. The position remained just the same till 1807 when the Cour ঠি 
Bast India Company sent a recommendation to the Government oe of Directors of the 
statistical suvey of the country under the immediate got টং i WEEE 
in Council. Dr: Francis Buchanan was accordingly appointed ট Met ee 
of assistants for the w ork; and the points to be investigated Se on: ith an efficient staff 
The instructions were well conceived, the remuneration was টী EEF 
limit was imposed on the work but there were three hs ৰ Nt 
Trinst, there was no clear idea as to how much space could EO ss ects in the scheme. 
subject and to each district; secondly, no arrangement was made for 7 allotted to each 
already in existence, or for obtaining from the regular Departments Wr Le ক = 

ent their 


fair quota of aid; and lastly there was no arrangement for publishing the results of th. 
© SUI ‘Vey. t 


যঃ by part, as they became available. 


RT re TR | 
which are proposed to Te published on the development of 


first of a series of artic 
Editor. 


* This is the 
official statistics in India. 
1 C. Third century B. C. 


2 Sixteenth century A. D. 
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3. Thus although Dr. Buchanan was at work for seven years and a sum of 
i ্‌্ Statisti any ki Vv Some 
thousand pounds was spent, he could leave no Statistical Account of any kind but onl: 
্ Hy | 
trunks of manuscripts. The manuscripts were sent to E 


Sngland in 1S16 and nothing was heard 
i i it of Directors informe : (Governor 
of these for twenty-two years. Butin April 1938 the Court of Directors informed the Go 


General in Council that Mr. Montgomery Martin had bee | 
cripts with a view to preparing them for publication. The osu was the publien 
entitled The Jistory, Antiquities, and Statistics of Eastern India 
in three volumes containing an ac 
Bengal. 


n permitted to inspect the manus- 


(published in London) 
count of only nine districts of a 


Singlo province, tls 
4. The v, 


arious gazetteers published in the first fe 
e.g., Thornton's 


and Hamilton's were equally 
on chance notices by travellers and such other official 
records of India House and it would obviously be useles, 
never visited the country and had 


W decades of the nineteenth century 
A o . pend 
unsatisfactory, for, these writers had to ce pent 


4 i “J 
accounts as they conld find in the 


S to accuse the authors who had 
no intimate knowledge of its conditions. 

5. The only relieving features of this 
the point of view of Planned statistic 


of Local Governments based lar 


age which w 


as otherwise wholly barren from 
al development were 


the Annual Administration Reports 


gely on the accounts furnished by District Officers. ‘The 
Annual Reports afforded a standing opportunity for individual officers to ec 


details of the territories under their respective jurisdiction. 
Wide range and some of the reports formed complete st 
In addition to these Accounts there were 
Up from time to time by Local Officers 
Examples of the latter type 


nter into the 
The subjects embraced a very 
afistical accounts of these territories. 
also special accounts of spec 
acting under the orders of their de 


Were Dr. Taylor's Dacca and Dr. John M. Cosh's Assam which 
Were published between 1837 and 1840.3 Unfor 


tunately no permanent organization existed 
for working up the results obtained and fo 


r publishing them in the form of a complete book. 
Tn course of time the reports became scattered and unavailable. 


» the Court of Director 
quiries, and with as little del] 
tendering the work a faithful r 


ified territories drawn 
partmental chiefs. 


6. Th February 1855 
“Procure by local en 
effective for 
existing.’1 


5 directed the Gov 
Ay as possible 
egister of the stat 


crnor General to 
: Such information as may be 
© of the country at present 
7. In 1856, the Home 
arrangement? with Mr. Townsend, Editor of the 
which used to contain a consolid 
tration Reports of the Various 
Government of India Should tak 


Department of the Government 


Annals of Indian, 
ated Summary of the informatio 


Provinces. Mr. Townsend's original proposal was that the 
© 1,000 copies of the Annals but the Authorities of the 
Home Government Were value of the publication. 
the number to 1,500, although at the same time they reduced, somewh, 
Work was published entirely for Gover 
general public, Mr. George Smith took 


NSend’s departure in 1859 and as a result o 
he was led in 1862 to propose to Mr 


Laing (then Fir 

3 Financial Departmen 

* Despatch No. 1 of 1 

Home Department 


of India came to an 
A dministration, a Jounal 
n found in the Adminis- 


that they raised 
At the rate of pay- 
‘iment and no attempt 
over the editorship of 
f three years’ experience 
tancial Member of the 


Was made to sell to the 


the Annals after Mr. Towr 
as editor 


t Progs., No. 
855 Statistical 
Progs. (Public) 


79, October 1871. 
Department 
No. 86 


un 


dated 21st 
—87 dated 30th 
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ebruary 1855. 
January 1856. 
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Council) the preparation of a series of Statistical Forms which would enable the writers 
of Annual Administration Reports to complete them on a uniform system adapted to that 


prevailing in England. 
NTATISTICS COMMITTEE OF 15862 


8. In the cireumstances, Mr. Laing who was obviously convinced of the soundness 
of Mr. Smith's suggestion, in a note written on 19th May 1862 pointed out among other things, 
that while he was engaged on a revision of the Tariff, he had to write to four or five different 
authorities to find out how many yards of piecegoods or lbs. of tobacco had been imported 
into India in a given period, and the returns were given in such different forms as to require 
protracted correspondence before the truth could be ascertained. And he added that for 
the purposes of both the Government and the commercial community it would be a great 
advantage to have a regular and methodical compilation and annual publication of such 
returns of Trade, Navigation and Finance as were published in England by the Board of 


Trade and the Treasury .$ 


9. Mr. Laing was also of opinion that the Financial Department would be the 


proper place for the e 
in the habit of compiling the different local returns into an Imperial Account for 


es and as the information contained in such returns would be more frequently 
wanted in the Financial than in any other Department. 


stablishment of a Statistical Branch for the purpose as they were 


already 
Budget purpos 
and more urgently 

10. He also recommended the appointment of a Committee for reporting to the 
Government on the preparation of Forms and Regulations with a view to the STUHR 
of a uniform system of Imperial Statistics in the new Branch of the Financial Department. 


11. Mr. Grey who was then in charge of the Home Department had other views 
in regard to the location of the Statistical Branch. He said that so far as a general statis- 
tical office had any existence at that time, it belonged to the Public Branch of the Home 
Department: and further the trade and navigation returns of the Provinces were received 
in the Revenue Branch of the Home Office. ‘The Secretary to the Government in the Home 
Department was also Secretary in the Revenue Department although on the Revenue side 
he worked under the Financial Member: and so long as matters remained as they were. 
Wr. Grey said that the consolidation of such statistical information as returns of the trade and 
navigation, prices, ete., would more appropriately rest with the Home Department than 
with the Financial Department. According to Mr. Grey the most perfect arrangement would 
be the establishment of a separate Statistical Office which would communicate with the 


Government through the appropriate Branches of Departments. 


Mr. Laing was prepared to admit that no one Department could compile the 
perial Statistics altogether from its own resources but he was insistent that 
d be most usefully and creditably compiled if it was done under his own 


12; 
volume of Im 
the volume coul 
eyes through the Financial Secretary rather than partly in one Department and partly in 
another. 


19. 
the following resolution WAS 


The Governor General (Lord Elgin) wholly concurred with Mr. Laing and 
accordingly issued’: 


5 Financial Department Progs. No. 4, (Miscellaneous) dated June 6, 1862. 
rt William the 6th June, 1862, No. 3814, Resolution. 
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most need for statistical information. and has large experience in 
and Returns received from all parts of Tndia. 

“The Financial Department must, however 


be careful to make no demand for statistical information except from its own Officers. with- 
out first Ascertaining from the Department of Governme “থিক 
obtained without overloading public Officers With extra work. Asn general rule. the fev 
the details required the more valuable and correct will Te the infor 
Officer could often himself give a concise report of the gener 
Which would be ceurate and valuable. while. iF he were 


he must leave them to careless subordinates. or neglect more important 
“The Returns of the English Board of Trade should, His Exc 
of opinion. be taken as the basis oF action. and e 
applicable to Tndia, without entailing any serious frouble or 
he made to induce the different Local authorities to ke 
forms thus adopted, or, if kept differently for 
measure or value to #4 common standard. 
“The Chamber 
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and such compilation 


y g i oR 
: His Excellency in Council observes, 

td os he 
nt concerned whether it can 


yg oa 
motion, An intelligen 
l i is district 
al features of trade in his distri 
K j sot ATMS 
called upon for complicated retun 


duties, 


cellency in Council ay 
ach head sone through to see how far it is 
expense.  Endeavours should 
ep their statements in the uniform 
local convenience. 10 reduce their fiuures ol 
of Commerce will, His Exc 


as to Commercial Statistics, 
importance Might be gradu 


General, and agricultural st 
ment will abstain fr. 
which have an 


elleney in Council Delieves. oladly give 
Other branches of stalistics of national 
alion like those of the English Registrar 
only be donereautiously, and the Govern- 


. en . . . . Fe SC 
clentific statistics confining itself to thos 
actical Tegislation and Gov 


ally added as of popul 
atistics, hut this should 
ything like merely 
bearing on pr 


om an 
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It. The Committee submitted its first Report in March 1863 and with the Report 
forwarded a number of draft forms (prepared on the Plan recommended by the Jnternational 
Statistical Congress held in London in 1860 under the Presidency of the Prince Consort) 
for the compilation of financial and commercial statistics and of statistics pertaining to 
“Civil Government” excluding judicial and educational statistics which were to be dealt with 
separately in a second report. The Committee did not touch the subject of Vital Statistics, 
as it was informed that proposals on that subject were under submission by the Inspector 
General of the Medical Department. The Committee, in conclusion pointed out how greatly 
the value of all statistical information would be enhanced by accurate population figures but 
it was hesitant to offer suggestions in regard to a General Census, as it was not sure that 
it had been asked to do so and since it imagined that this question would. in any case, be 
left to the discretion of Local Governments. 

15. In the meantime, Sir Charles Trevelyan (who: was to take over later as 
Financial Member) had brought with him certain alternative sets of formss prepared in the 
India Office and these forms although considered generally inferior to those prepared by the 
Committee, had one or two advantages in regard to arrangement of matter and moreover 
they included judicial and educational headings also. These latter forms were therefore passed 
on to the Committee for consideration with a view to a possible recasting of the Tables 
which it had originally proposed for Administration Reports. The Committee in its letter 
dated 17th August 1864 acknowledged receipt of the alternative forms and promised a’ further 
report on these forms at a later stage. It submitted a third report on 14th September 1865. 
With this report which contained the original forms as transposed and amended the Com- 
mittee brought to a close the two specific duties assigned to it in the Government. Reso- 


lution dated 6th June 1862. 

16. ‘The project of forming a separate Statistical Society which was alluded to 
in the Resolution had not been carried out. But the Asiatic Society" had, on the advice 
of the President of the Committee, reconstituted the Statistical Committee of its Council 
and the Agri-Horticultural Society had offered its co-operation in obtaining agricultural 
statistics. 

17. The Committee also stated that as it consisted of members whose hands were 
already full of absorbing business, it was not likely that statistical enquiries could be pro- 
perly organized under their supervision. They felt that under their constitution they could 
vive but occasional attention to such duties; whereas the task of obtaining and shaping 
lide Imperial statistics for a Ered country like India should belong to a special and 
properly organized Department: This would not necessarily be a costly Department but 
its work, to be really useful, should be steadily and continuously prosecuted; and the 
Department should have a corresponding Agency in each Presideney and Chief Commi- 
ssionership. 


18. In his letter dated the 2nd April, 1866 addressed to the Statistical Committee, 


ey, Home Secretary, stated that His Excelleney in Council was very sensible of 
Coe ROA চ ich belonged to the possession by Government and the public of the full and 
the I F রে ation  sniDated by the forms submitted by the Committee and that he 
Ed i হা to attempt the collection of such information in the uniform shape pro- 
kl hb Tt was obvious, however, that it would not be possible at once to collect 


s Home Department Progs. A (Public) Nos. 115-36 dated October 31, 1866. 
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submitted by the Committee in 18633. 
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Proposal was nevertheless inclined to Strike a discordant note. 
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“There are. no doubt other heads of information such as population and vital statis- 
tics, the industrial occupations, agriculture and internal trade for which tables have been 
proposed by the Committee, but in respect of these, it is obviously desirable that the agency 
for collecting in 2 reliable form should be stated or, if expedient. be organized with the 
previous sanction of the Government of India before any step is taken to form a statistical 


office of the Presidency for the record of the statistics." 


21. ‘The Committee's reply to the Government of India, resubmitting the forms as 
amended in accordance with the suggestions of Local Governments was signed by only four 
(including Mr. Grote, the Chairman) out of the expanded strength of ten, and was clearly 
unenthusiastic. The Committee at one time intended that apart from annual statistics 
of trade. finance, education ete., the returns of population, agriculture and live-stock, mines 
and manufactures should be made quingquennial or decennial but. on reconsideration came 
to the conclusion that the attempt to prescribe any such arrangement would be to interfere 
with the entire discretion of the local authorities which they would leave, for the time, un- 
embarrassed. Tt was not proposed to ask for the preparation of any returns other than those 
which the Local Governments found practicable, safe. and convenient to procure. Again, 
information that could not be collected annually was not expected to be collected more 
frequently than was deemed expedient. The Committee would not, for a moment, suggest 
that statistical objects should clash with those which involved the peace and well-being 


of the country. 


92. The Committee did not doubt that with the aid of the establishments possessed 
by District Officers in most parts of the country—if those Officers were but sufficiently 
impressed with the importance of the matter—the method of rendering the Returns would 
greatly improve by practice. “Everything must have a beginning: the rudest statistics, 
if honestly rendered, are better than no statistics: and the mere fact of publication and 


comparison will bring to light errors and blots which, in the darkness of Offices. would never 
have been discovered.” 


9:3. In conclusion, the Committee recommended the following course of action : 


(a) The Local Administration should be requested to adapt the statisties already 
ossessed by them, or available to them, to the forms prescribed for uniformity: and to fill 


P b ৰ Ls 
ese forms each year as far as possible (either in part or in whole) and embody them 


up th 
in their Annual Administration Reports distinguishing accurate from approximate figures. 
(b) They. should, further, be requested to send to the Government of India, state- 
wing those additional forms of the prescribed list which might be filled up by a 
angement of machinery at some small expense. and without political danger 


onvenience: and to explain how far they proposed to take measures to this end. 


ments sho 
small reart' 
or Serious ine 


(ce) That each BA d i ad 
ich it was not considered possible to fill up within any reasonable time 


Administration should submit a further list of the forms of the pres- 


cribed series wh 
without expensive new mM 
state whether they considered any ) 
ment in undertaking their preparation. 

94. The Government of India would be in a position, on a compar 
ts. to come to a conclusion as to the extent to which a system of 


achinery, great expense or political inconvenience: and they should 
of these statistics so important as to justify the Govern- 


ison of the reports 


of the Local Governmen 
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statistical returns could be definitely prescribed and required from all Provinces. In 
ৰ ্ i i . 0 ’ " Collec 
tion which could be supplied from most of the Provinces might be deemed worth 
ting in the remaining few at a cost which would be 


Justified by its Imperial and seneral 
importance. 


- ‘The forms thus finalized were 
letters from the Home Department dated 31 
attempt might be made to collect the ক 
Shape proposed by the Committee and, if it appeared feasible at once, to instruct the Officers 
to set on foot the system of returns 
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1:1 en ia টা nt an 

St October. 1366 containing x request that 
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26. The matter was in the 
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ordinary course referred to the Secretary of State for 
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cal Governments in India. 
28. The accou 


nt of the growth of Statistic 
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As also pressed On Government from various 


ngal. 


“Mmerce Prog, No. 112, dated Sth September 1871, 
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APPOINTMENT OF DR. HUNTER AS DIRECTOR GENERAL OF STATISTICS 


29. ‘The Governor General-in-Council agreed that immediate steps ought to be 
taken for ensuring some uniformity of plan in the Gazetteers of the various Provinces and 
in Tuly 1869 Mr. W. W. Hunter (later Sir) of the Civil Service was entrusted with the work. 
Mr. Hunter (who was already in charge of the preparation of the Bengal Gazetteer) was 
directed in the first place, to ascertain exactly what had been done under the orders of 
the several Local Governments and Administrations. and then submit to the Home Depart- 
ment of the Government of India a comprehensive scheme for utilising the information 
already collected and for prescribing the principles to be followed in the future preparation 
of Toon Gazetteers and for consolidation of the entire work into a general Gazetteer of 
India. 

30. In November 1869 Mr. Hunter submitted his plan for an Imperial Gazetteer 
of India. Although final consideration of his plan was postponed till the contemplated for- 
mation of the Department of Agriculture, Revenue and Commerce, his services were 
retained for the purpose of arranging for uniformity in the Provincial compilations at that 
stage which clearly demanded a Central guiding Authority. 

31. Tn their Resolution dated Sth September 1871, The Department of Agriculture, 
Revenue and Commerce of the Government of India (of which Mr. A. O. Hume was the 
Secretary), appointed Mr. Hunter, permanent Director General of Statistics (in addition 
as Editor of the Bengal Gazetteer) for the purpose of supervising the operation 
the Provincial Gazetteers and for consolidating these later into an Imperial 
Mr. Hunter was given a salary of Rs. 1,500 per month and a small 


to his duties 
connected with 


Gazetteer of India. 
office establishment consisting of two assistants. 
32. The task before Mr. Hunter consisted of two stages, viz., first a local enquiry, 


conducted on a uniform plan in each of the 140 districts of British India and second, the 
consolidation of the material obtained. He had to secure the co-operation of Provincial 
* Governments by respecting their individuality and by modifying the uniform scheme to 
suit their peculiar circumstances and at the same time collect the material systematically 


and cheaply by enlisting the free aid of the District Officers. 


33. Mr. Hunter circulated to Provincial Governments a questionnaire entitled 
‘Heads of information required for the Imperial Gazetteer’ under six categories, viz., 
topographical, ethnical, agricultural, MUTE), Bdninistrative a medical, in each District. 
A paid Provincial compiler was appointed Ef :e50h ‘Eroyincial Headquarters responsible 
for obtaining the returns from the DARN Officers (who did the work honorarily) and for 

Jementing this information by contacting the Heads of Departments and others who 
লট! help. The Provincial compiler was ultimately to consolidate the results into a 
g 2 


Statistical Account for this Province. 
94. ‘The work went on for twelve years and the District and Provincial Accounts 


Vout 100 volumes consisting of 36,000 pages. The ‘Native States’ were, strictly, 
formed abou a8 Hh BEOOE of the survey but since no Account of the country could be 
speaking, C2 me reference to these territories, an attempt of some kind was made 
complete i LSE available material in regard to these. The problem was easy 
to co-ordinate the a র্‌ ates which were politically dependent on Provincial Governments 


ution in the case of St ! | } 
! ui respective Provincial compilers easily obtained the necessary material from them 
as the [ 
98 


but in the case of other States, there 


were certain political difficulties which m 
to undertake any such enquiries. 


Thus the Accounts of the Native States in the series, | 
Vance on the then existing state of 
to equal the Accounts of the British Indi 


ade it impossible 
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though marking an ad affairs could not, however. claim 
an Provinces. 

35. The hundred volumes of the St 
use of the Indian Administrators 
the reach of the public. To rectify this deficiency. Hunt 
records of the Statistical Survey to a practicable size and 
of the Imperial Gazetteer of India w 
decided that the publication of the Gaz, 
Porating the results of the 1881 Census 
count for the whole of India 
in the Gazetteer up-to-date 
that the ] 


tistical Survey were meant primarily for the 


and for the Controlling Body in England and were beyond 


er set out to reduce the voluminous 

accordingly in 1881 the first edition 

as brought out in nine volumes. Government had 

etteer should not be delayed for the 

+ The Census of 1872 

and it was found impractic 
with the help of the Administration Reports. 
atest figures under the different heads we 
at widely varying points of time be 


purpose of incor- 
did not supply a simultaneous 


able to bring the economic Statistics 
The result was 
re based mostly on material collected 


tween 1868, the year of the Punjab Census and 1887, 
although in one or 


' tWO cases, €.g., trade statistics, it was found possible to take the facts 
down to 1879 and 1880. In the circumstances Hunter had to defer to a later edition the 
reduction of the statistics to 


@ uniform basis. The difficulties had better be put in Hunter’s 
own words. 


“The areas, distances 


ments; but the frequent ch 
of vari 


and similar details Were taken from the latest scientific me 


anges in the jurisdiction of Indi 
ation difficult to eliminate. 


in the rates of local t 
area, taken for the C, 
tricts where the rel 
at by the general 

no labour has been 
figures Supplied to 
thing wrong, T am 
improving 


ASUTC- 
an Districts introduce 
In some Cases, averages will no 
dXxation per head, 


Census. 


an element 
t work out correctly, as 
Where the municipal area often differs from the town 
the items will not add Up; as in cert 
people does not yield the 
There are not very m 
spared to get rid of them. But in Several c: 
me by the Jocal authorities and although 


unable to set it right. T beg that those who May come after me will, in 
My work, remember the conditions under which it has been done. When it 


Was begun, no one knew e the population of a single Province of India, or of 
District of Bengal. 


In other instances, 
igious classification of the 
enumeration. 


ain Dis- 
exact total arrived 
any discrepancies of this sort, and 
ases T cannot £0 beyond the 


I may see that there is sSome- 


সজ্ঞা a single 
“T believe that in s 
in the long battle against ignorance: 


opinions flowing down upon us from t} 
ledge of India in time to come. 


pite of all its defects, this wor 


@ breakwater 
1 past: and 


'k will prove a memor' 
against the tide 


@ foundation for a 


able episode 
of prejudice and false 
truer and wider know- 

“TJ leave the work 
efforts of Indian Statisticia, 


that it will be improved b 


to the charitable 
nS who have £ 
Y brethren of 


Judgment of those wl} 


10 can contrast it with the 
one before me: 


T also leave it with a Sure confidence 


my Service who come after me.” 


36. A second edition *a7zetteer Augmented to four 
Was published in the year 1885-87. 
1881 which was the first complete and 
ranged between the years 1882 and 18 
took the first Steps towards breaking 


NSUs of 
a: the other Statistics 


of his Writing work, Hunter 
t in July 1886 and himself 


94 
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retired a venar | fl 
a year later. With his retireme i S 
ৰ E ont the post of Director | Stati 
Ulowed to lapse and it was only in 1895 ths ৰ i Sr Wheel 23 
EEE S only in 1395 that the second Director General of Statisti 

fovernment of India was appointed. ed 

37. A revised for : ; |" 
7. A revised form of the Article on India, greatly enlarged and with statisti 
220 a statistics 

pendent volume in 1893 under the title ‘The Indian 


br 
rought up to date, appeared as an inde 
Tt is said that Hunter wrote the greater part 


E pire 1 lts Peoples, History and Products.’ 
of the above book in his own hand. 
azetteer having run out of stock, the 
1901 that a new edition should be brought out. Many 
general scheme as well as in the methods of compilation. 
ix, the single volume of “Indian, Empire’ alone 
and Administrative 


38. ‘The second edition of the Imperial G 


GO ft i ট ij 
fovernment of India decided in 
cht সে হা i 

hanyes were introduced in the 


ed to twenty- 
alled Descriptive, Historical, Economic 


‘The 
he number of volumes was rais 


Deine ex ) 
ring expanded to four volumes © 


respectively. 
gine HE ON 1 ed this time not to Le Director General of 

s (Mr. O'Conor) but to Dir Herbert Risley, Census Commission for 1901 and later 
when he was promoted as Home Secretary Was succeeded as Editor by Mr. W. S. Meyer 
al form of the work and the duty of seeing it through the Ds 
J. 8. Cotton (who had been closely associated with 
1 by the Secretary of State. The 
ust each subject to an 


a0 
39. ‘The work however, Was entrust 


The responsibility for the fin 
rested on the Editor in England, Mr. 

Hunter in the earlier editions) and a@ Committee appointec 

preparation of the new edition was to entr 

nl with it by special study or by Official experience. As in pre- 

ted by District Officers and Officials of Indian States 

18 from experts and every page of written matter 

oncerned for prior approval. The 


principle adopted in the 
author best qualified to de 
material collec 
and supplemented b ontributior 
ed to the Administration or Department ¢ 
1907. 


vious editions, the basic 
My special ¢ 
was submitt 
ame out in 


volumes as approved Cc 
Home Department of the Government 


taking place in other Departments as well. 
merce issued in 1876 the Miscellaneous 
The Finance and Com- 
publishing an a Revenue Accounts from 
ar the Home Department had started publication 
Statistics of British India for the Judicial and 
e to the Home Office which included educational and 


as happening in the 


opments were 
and Com 
figures for 1874-75. 
annual Finance and 


40. While all this w 
of India, several important devel 
ent of Revenue, Agriculture 
ting to British India containing 
also began 

the preceding ye 
he:long title 
bordinat 


The Departm 
Statistics rela 
merce Department 
the year 1880. In 
of their statistics under tH 
Administrative Depart ments su 
public health statistics also. 
nquired into the causes of the Madras Famine of 1877 
rt (submitted in 1880) the formation of @ separate DepartmentH 
the collection of facts relating to “the condition of the agri- 
duce of the country.” The efficiency of such 
nd accuracy with which the agri- 
gartment Were collected in each 
hout the country. In March 


41. The Commission which € 
had suggested in its Repo 
whose duties should consis 


cultural community and tl 
tment depend 


and economic 


t in 


a special Depar ; 
statistics C 


and district throug 


cultural, vital, 
village and compiled in each subdivision * ission, the Gover 
1881. armed with the recommendation of the Famine Commission, the overnment of India 
EA Y 
Wl EFT A 
EE A Progs. 318-19, salaries, September 1392. 


ন tment 
11 Finance and Commerce Departments 
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requested the sanction of the Secretary of State for the creation of the Agricultural Depart- 
ment. He gave the sanction asked for but drew attention to the fact that the ( 
of India had made no reference to the Commission's 
complete and systematic rendering of agricultural 


overnment 
recommendation in regard to a more 
and economic statistics. 

42. It was acknowledged that practically 
tained in any Department of the Government of India and that it would become the duty 
of the Department of Agriculture to inaugurate them. It was felt, at the same time, that 
it would be best to make such compilations the duty of officials who would ‘be in contact 
with practical agriculture, and in December 1881, 
Resolution recommending the setting up of 
but somehow the importance of the 
statistics did not re 


no agricultural statistics were main- 


the Government of India issued a 
an Agriculture Department in each Province 
Work of collection and collation 


of agricultural 
ceive prominent mention in the Resolution. 


(It must now be recalled that in 1866 cert 
tical Committee were recommend. 
to the Annual Administration Re 
related to agricultural Statistics v 


ain tables in forms proposed by the Statis- 
ed by the Government of India for 


adoption as appendices 
ports of Local Governments. 


These forms in so far as they 
Vere re-examined by a conference of Officers of Agricultural 
Departments held in Calcutta in the Year 1883-84 and the modified returns—the chief modi- 
fication being the complete omission of the table on rent rates—comprising cight tables 
Were compiled for the first time in 1884-85 and were published in 1886 under the title “Re 
of Agricultural Statistics of British India.” ‘These tables were continued on 


till 1887-88 when as made in them; the table 
in 1891). 


turns 
an annual basis 


a Slight rearrangement w S Were again revised 


43. However, an ehormous mass of agricultural Statistics began to pour into the 
Statistical Branch of the Revenue and Agricultural Department every year but owing to 
the absence of local checks, the task of Scrutinising the 


> returns fell entirely on a meagre 
establishment of two low paid clerks. 


atlistical Branch had 


OO. { 0 a host of other 
Subjects under his charge ranging from horse breeding to emigration. None of the Secretariat 
Officers could deal adequately With the questions that came up from the Statistical Branch 
and the result was that the Department had to b 


50 on dealing with these important data in 
®# View to rectify 


ying this position, 
ted to the Finance and Commerce Depart 


l work on 


@ rather perfunctory manner. With 
Agricultural Department Submit 


the Revenue and 
the following Proposals for plac 


nent in May 1890 
@ proper basis: 


Y in the Jatter Department (with his establis J 
transferred to the Revenue and Agricultural Department Or 2 Red 5a 


(b) The statistic 


Department. Or and Commerce 


Of an Assistant Secretary, Six clerks and ten 
ated in the Revenue and Agricultural Depart- 
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ieee accompanied by # reduction in the staff of the other Department. This was not 
acceptable to the Revenue and Agricultural Department who had gs kK ir origi 

proposal and now maintained that they were te BE for eal Le 
ther collected by the Government of India and that they must continue to retain the Et 
tion of a branch of administration for which they were directly responsible. According to 
them the Finance Department's refusal of their application for a Statistical Officer 2 
son the erroneous supposition that for agricultural statistics all 


establishment was based 
They considered it desirable to undertake 


that was required is their bare compilation." 
cendent officials of the statistical work which really fell to the 


ajnes. Census Commissioner for 1891 and Mr. OC’Conor., 
Assistant Seeretary in charge of the Statistical Branch of the Finance and Commerce Depart- 
undertake the investigation. They conducted their enquiries in 
to their other work and they submitted their note 
gave a brief description of the available information 
and tried to assess the statistical bearing and 


® thorough overhaul by indep 
Department. Accordingly Mr. B 


ment were requested to 
an independent capacity in addition 
in October 1891. In the note, they 


and the sources from which it was’ derived 
value of the general returns. In so far as agricultural statistics were concerned it was found 


le of the information after it had been consolidated into Tmperial 
of subjects so intimately connected with each 
1 the movement of these crops and, above all, 
those of rail or 


thot little use Was mad 


returns. ‘There was no systematic collation 
other as rainfall, prices, ar 
there was no attempt to co-ordin, 
This was. perhaps. 


en under crops. anc 
ate the statistics of sea-borne traffic with 
road and river-borne traffic. the most significant instance of waste of 
d of efficient office power. 


good materials an 
r-borne trade figures after the introduction 


89) fell upon an officer who w already responsible 


branches of the Revenue and A icultural Depart- 
1e responsibility of a special 


iving the rail and rive 


The task of rece 
egistration (1888- 
o other large 
s of foreign trade were on the other hand, tl 
and Commerce Department. There were other cases in which the 
ed in superfluous work: 
th as economic products in the Department of Revenue and Agriculture 
tion Was also collected by the Finance and Commerce Department. 


of the new tem of 1 


for the administration of tw 
ment: the statistic 


Branch of the Finance 
operation result 


for example, minerals like coal and 


absence of eo- 
salt were dealt wi 


while the same informa 
and O'Conor pointed out that it was clearly 


Department to deal satisfactorily with the 
of a vast 


Messrs Baines 
branch of @ large 
t were being received from the different parts 
of finding out in what way the different series of returns 
knowledge thus gained in fact needed a full- 


0 would be responsible the direction of a competent establishment, 
als supplied, and the publication and review of the materials in the 
d to convey to others. whether Government or the public, the infor- 
as fully; clearly and Je. Although it was im- 
rule in advance conc 
it was obvious that there should be two di 

he second. a small experienced body of super- 


In conclusion 
a mere 


40. 
beyond the capacity of 
wide variety of returns tha 
country like India. Again, the task h 
্ applying the 


another and of 
for 


supplemented one 
time specialist, wh 
the serutiny of the m 
1 best calculate 
15 collected 
down any 
the work. 
CTS and € 
tely higher P 


he Baines-O 
enue and Agricultural Department) made a proposal in 


ateri 


“palatably™ as po 
cerning the composition and strength of the 
visions, the first con- 


manne 
mation thi 
possible to lay 
staff required for 
sisting of book-keep' 
Visors on proportion 

ength of t 


46. On the strent নচা 
Member (also in charge of the Bt 
1 


omputors and tl 


BY. 
‘Conor Report Sir Philip Hutchins. then Home 


13 


Vor. 221] SANKHVYA : THE INDIAN JOURNAL OF STATISTICS [ Parrs 1&2 


May 1892 to the effect that a Statistical Bureau should be established under the adminis- 
trative control of the Revenue and Agricultural Department and that Mr. O’Conor should 
be appointed Statistical Reporter to the Government of Ind 


lia. Mr. O’Conor was to be 
relieved of all routine and administr 


ake over the entire 
1 Was willing to allow Finance and Commerce Depart- 
‘commercial matters of importance” even after transter. 


commerce work under his charge but | 
ment to consult Mr. 0°Conor on any ‘ 


47. The Finance Department 
Separate Statistical Reporter with a se 
financial position they ruled th 


agreed that it would be an excellent thing to have a 
parate office but owing to the de 


terioration of the 
at the proposal should be dropped for the ti 


me being. 
A SratisticaL BuRrEAU 


UNDER A DirEcvor GENERAL OF STATISTICS 


48. Things went On as before in both the De 
the Government of India submitte yY of State for placing Indian 
agricultural statistics under the Assistant Secretary of the Finance Department and 
designating this Officer Mr. O’Conor) as Director General of Statistics.12 The arrangement 
Was to be made without any increase in expenditure. The Secretary of State in his despatch 
dated 14th March, 1895 Sanctioning the Proposal, observed that it Would be a decided 
advantage to have all the Indian Statistics placed under the direction of a “single selected 
officer” and hoped that the Statistics available in the Home Department would also be brought 


under this officer in Course Accordingly the following resolution Was issued by the 
Government of India : 


partments until in February 1895 
d a, proposal to the Secretar 


of time. 


2 the Department of 
the Secretary of State, No. 55, Revenue, 
ore complete and Systemati £ and rendering 
part of India, 
adequate know- 
Years the Jland- 
Cts, not directly 
OF statistics connected 


the country. 


been steadily extended and i 


connected with the land, have Tec. 
with matters under the control of t 
Teaches the Government 


ই culture which annuall 
of India, and throueh ১ 
8° them the Secr t State, i i 
complete for most of the Provinces of India. It has ooran ৰ - ee 
Connected manner in Which these Statistics ar 


“Tt. has therefore been decided 
to Place the Statistics With which ths 


Secretary of St 
Concerned under the control of an Office 


Ute, 
and Agriculture is 


S, who will deal with 
LTC 


al), Tune 1 


oe SEPA 
895, Tile No. 25 


552.6 dt, Nay 23, 1895 


= 
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ha bey "oe { uniform plan, and a) collate them and publish the results in a 
Statistical Branch il i es LS er: i ee 
Ea i arg A a] returns relating to matters, ma i 
Bre more or less intimately connected with the x i tH ak 
Revenue and Agriculture. This branch will now eR SEES tb 
statistical establishment hitherto entertained by iis AT 
and will then form a statistical bureau which will deal with the 
wo Departments of Finance and Commerce, and Revenue and 
it is hoped, with that collected by the Home Department also. . 


transfer to it of the 
Revenue and Agriculture, 
material collected by the t 
Agriculture, and eventually, 
“The new bureau will be presided over by an officer under the title of Director General 
‘ In this capacity he will be, not a member of the Secretariat staff, but an 
independent officer who will publish his compilations and reviews in his.own name and on 
though he will deal with the statisties belonging to each Department 
and under the general direction and control of that Department. 
he preamble, Mr. JT. E. O’Conor, C.L.E., Assistant Secretary 
nance and Commerce, has been appointed 
He is an Officer of the Enrolled List of 


of Statistics. 


his own responsibility: 
in communication with 


By the notification mentioned in t 
to the Government of India in the Department of Fir 


to be the first (sic) Director General of Statistics. 
that Department and will retain his present appointment ex-officio : he and his establish- 


ment will therefore be officially controlled by that Department. 


“Tn future the following returns should be forwarded to the Director General of 


of the Department of Revenue 
ural statistics. 


Statistics instead and Agriculture : 


(1) Annual returns of agricult 


(2) Annual returns of inland trade. 


(3) Quarterly 
(4) Quinquennial returns of crop 
(5) Monthly statements of import 
port towns of Calcutta, Bombay and Karachi. 


(6) Forecasts of cultivation and of outturn of crops. 
the state of cultiv ation of tea, coffee and cinchona; and 


(8) All other tabular statements that ave now furnished periodically to the Depart- 


ment of Revenue and Agriculture, such as statements of the financial results of irrigation 
nts of irrigation operations in the several provinces, return of canal traffic 


operations, stateme k ন 
and statements of additions to the open mileage of railways. 
rts will continue to be sent to the Department 


8 vy weather and crop repo 
fe ts iB ৰ oT e as heretofore. But from the date Sf receipt of this Resolution 
the other returns specified above should be addressed বা 5 Ar General of Statistics, 
and all correspondence regarding MLCT should be 850. 00 Re direct. EL 
the same time laid down that all POLST cE NE an oll SOURS 
shall be issued from the appropriate Department of the Government of India. 

40, With effect from Ts Fee 3 General of Statistics 
Was ই) py the transfer of 1 BOE I ? i i ্‌ 0 Ee e Department 
End! B elorks font he Department of Revenue AL : griculture and the creation of an addi- 

This was the real beginning of the present Department of Com- 


tional staff of six clerks, 


returns of inland trade. 


outturns. 
s of wheat, cotton, linseed and indigo into the 


(7) Returns showing 


June, 1 
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mercial Intelligence and Statistics which has experienced 
8 =) 


many vicissitudes in its career 
of fifty years as will be seen in later paragraphs. 
50. Mr. O’Conor was already responsible in the Vihgice 5nd Somneneg ত 
ment for bringing out the annual Financial and Commercial SMIMRUGS of bo বৰ 
replaced the Statistical Tables Relating to British India and Finance and Reve টং ি we 
—Part Til. Again. as already mentioned, his Branch consolidated and publishe 
monthly returns of sea-horne trade and shipping received from the 


Customs Authorities. 
aggregate of the monthly returns w 


An annual review based on the 


O’Conor. In addition to this. Mr 
tics : 


as also issued by Mr. 
O'Conor's Branch was responsible for the following statis- 

(a) Prices: Retail prices of articles we 
published every fortnight. 
figures for various 


re obtained from 200 district 
From this Statement an annual return was prepared giving 
subdivisions of the country based on me 
grains at selected centres were shown separately. 


cenlres and 


. & Vy - 
teorological considerations. Food 


Half-yearly 


Wholesale prices for the 
Bombay were 


compiled from the price lists 
monthly returns of te 


report. 


main articles of commerce at Caleutta nnd 
published by the Chambers of Commerce. Special 
@ sales and salt revenue 


Were issued in addition to the fortnightly 


(b) Wages: Tn regard to agricultural workers and artisans, the 
from districts through the Local Governments were summar 
trial wage statistics Were ascertained through the 
published half-yearly and from 1891 were added in 


(ce) Industries : 
the annual returns furni. 
by the Department. 
the more import. 


returns received 
ised in the Department. 
courtesy of managers. 


Indus. 
The returns were 
annual review. 

A review of the Working of the Indian Companies Act based on 
Y companies to Local Government was published 
al review was also published conce. 


Woollen and paper 


amount of work th 
question of t 


shed Stacutorily b 
Another annu 


rning the progress of 
ant industries like cotton, jute, 


HL. In view of the enormous 
Mr. 0’Conor decided that the 


await further ce 


mills, breweries. 


at had now Deen 


thrown on him, 
Tr the Home Depa 


aking ove tment statistics should 


Onsideration. 

52. By Home Dery ated 3lst July 1896, 
of that Department w ctor General of St 
Department 
ctor General h 
returns Without tl 


Of a mech 
figures from the Provincial returns in the 


Administrative Statistics (which w 
Population Census Was re 


“ the statistical work 
tistics on condition that 
and under its gener 
authority to m 
1€ previous Approval of ft 
anical kind consisting of the Lo 
ed from the 


al control. 
ake any change 
he Department. 
anscription of the 


Volume of Judicial 
the Departme 


€ Department. 


ad no 


form prescrip 
ing issued by 
tained in the Hom ti 
58. The next step forw 
of interest that took pl 
from 1st April 1901. 


and 
as be 


nt since 1879). The 
ard was not t 
Ace in the inte 
on the initiative 


@ken till nine 
rim may now 
of Mi. 


Years later but one or 
he mentioned .15 
O0’Conor. the 


two events 
With effect 


Artment” of the 
Ustries Department C. &T. Fi 

> AE h F; ] ঘা 
2060 dated 19-4-1901, Fi fo 


11 Cemmerce and Ind: 
#5 Ho, 


Ee 5 last para. 


Togs. No. 149.salaries etc. 


ন 
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Gover ; isti 
E ee nn Ee" (consisting of 18 clerks and 7 compilers) which was dealing with 

gS and trade of the Province was transferred to the Director G i ন 
created in the Office. It was later on disnoaared ert ip Int 
earlier ruling (January 1890) by the Goverment of ge a 
and trade statistics was the business of the OE 
when the partitioned Province of Eastern fo 

en 


and a Bengal section was 
this step contravened an 
the registration and review of inl 


cultural Department: and, in October 1907, 
and Assam made a similar request to the Government of India. the latter turned it d 
Gi 16 down 


on the ground that there was no valid reason for @ further infringement of the i 

lin 1890.18 Mr. Noel-Paton (Director General of কংস হাই = 
overnment of India refused the request, was of the view that 5 
egard to statistics was essentially that of a central establish 
combining the Provincial returns while holding the Toca 
The Bengal Section of the Director General's 


principles enunciated 
on whose advice the G 
proper function of his Office in 1 
system and 
for their accuracy. 
petransferred to the Government of Bengal till 1923. 


ment controlling the 
Governments responsible 
Office was, however, not 1 


O'Conor retired ( 
Financial Department. 


54. When Mr. 1902) he was succeeded as Director General of 


Statistics by Mr. J. A. Robertson of the 
Tt would appear that towards the end of 1903 an attempt was made in the 
estimate the to he collection of statistics 
a proposal to levy 


about the whole th 


Do. 
Financial Department to 
and that, side by side, there was 
But this is all that is known 


tal annual expenditure on t 
a “statistical” tax to cover this expendi- 
ne hing: presumably the scheme fell through 
gh. 

A DIRECTOR GENERAL OF COMMERCIAL INTELLIGENCE 
o March 1905 when Lord Curzon’s Government with 
f State, constituted a new Department of Commerce 
Department the control of ‘statistics’ which was previously 
y the Department of Finance and Commerce. The new Department took OVE 
and Agricultural Department, the Offices of the Reporter on Economic 
Geological Survey of India, the Chief Inspector of Mines and Various 
atter agencies. The responsibility for the co-ordination of 
ped to the new Department. The Home Department 


ation Census. 


APPOINTMENT OF 
56. We must now come down t 


the previous sanction of the Secretary 0 


and Industry and assigned to this 


exercised b 
from the Revenue 
ts, the Director. 
f data collected by the 1 
atistics Was also transfer 
» put retained the Popul 


Produc 
types 0 
inland trade st 
gave up “factories’ 


57. It was decided at the same time that a Director General of Commercial Intelli- 


the place of the then existing Director General of Statistics; the new 
between the new Member for Commerce and Industry (Mr. Hewett) 
Noel-Paton (who was at that time Secretary of the Bombay 
ted to the post and in order to enable the new Director 
a competent officer was to be appointed Assi 
al of all but the more important 


take 


gence shou ld 
as liaison 


Officer was to act 
and the mercantile public. Mr. : 
Chamber of Commerce) was appoin ন 
General to discharge his functions efficiently, 


tant Director of Statistics 50 as to relieve the 


work. 
58. Af abou 


8- 


Director Gener 


yr the appointment of a Committee to revise 


proposals fc 
age and Mr. Robertson (the outgoing Director 
5 ctor 


t this time 
dvanced sti 


an a 
the trade returns had reached B ne i 5 
General of Statistics) Was to sit on it S00. LE WES considered inadvisable to make over the 
DLe ls SRD MEE * Ec) ME CREO £ ঠ 
etiam SEE — tment of Commerce & Industry. Vl 
i 21 of 1907, Depa i 
ra ৰ Ne of Commerce & Industry, General B Progs., No. 25—30 April, 1905 
7 Depar 
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ial. y y 8 YJ 
statistical work to Mr. Paton until after the revision of the returns.138 Mr. 
therefore placed on special duty for six months for the st 
of the post of Director General of St 


Robertson was 
atistical work after the abolition 
tistics with effect from the 27th of February 1905. 


59. The Committee of Secretaries who had previously examined the question of 
the appointment of an Assistant Director of St J eo 
@ ministerial Officer for the post, but in making this suggestion they had not taken 5 I 
account the possibility of the post of Director General going to a man with TO 
qualifications, but with no administrative experience.1? Mr. Nocel-Paton. the new Director 
General had no knowledge of administrative methods. Tt was therefore felt necessary that 


S which were in control of the administrative statistics compiled 
General, the post of Assistant Director should be held by a man 
of wider experience than at first contemplated. Tn view of the larger responsibilities that 
would thus devolve upon the Assistant Director, the Government of Tndia were of the 
opinion that the scale originally recommended. namely Rs. 700-50-1.000 per month was 
too low and they accordingly sought the sanction of the Secretary of State towards the end 
of March, 1905 for fixing the Pay of the post at Rs. 1,300 so as to enable them to obtain for 
@ period of three Years the services of a competent officer who would be a Junior member of 
the Indian Civil Service, Possessing sufficient knowledge of the details of 


tration and would be able to deal adequately with questions 


compilation of administrative Statistics. 


60. The Secretary of 
new Director General Wi 
should be given speci 
At the end of the tF 
with administrative 


atistics had recommended the selection of 


district adminis- 
rising in connection with the 


ative and official methods and that he 


>, and sanctioned the proposal. 
ree S, i ral should become conversant 
able to dispense with 


special assistance. 
ointment should £0 to 


after that period the app @# Non-T.C.S. Officer 


oposed. 
61. Mr. Noel-Pat 


On the scale originally pr 


On Was not satisfied. 
Work could be acquired only by long experience 
be “bequeathed” to @ Successor.20 


Service novices, fitting through an 


He said that expert knowledge in statistical 
and when it had been acquired it could not 
He protested that “the Prospect of succession of short 


office in which Tipe experience was indispensable, post- 
Poned all hope of real efficiency.” The Government. of India, had no choice, however. 


Mr. D. Shearme of the Indian Civil Service who was Private Secretary to the Governor of 


Burma was accordingly appointed to the post and he Mssumed charge on the Tth of August, 
1905. He had the advantage of three Weeks training with Mr. Robertson before the latter 
Teverted to Finance Department. 


62. 


35, May 1906, Commerce & Trade, 
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Mr. Paton added that if one could find in India the man with the excep. 


look elsewhere. 
| and who was not too old to learn the work, he would be pre 


tional qualifications needec 
ferable, but failing him it w 
from England rather than acce 


little in statistics. 


as better to obtain an expert, preferably a Chartered Accountant 
pt bad material for, in his opinion, Uistrict experience ho InEd 


a pretty strong case but the Government of India 
expert statistician Was required for the immediate control of the Depart- 
ment it was questionable whether there was any advantage in subordinating him to the 
General of Commercial Intelligence. In the circumstances the matter was allowed 
Shearme took leave towards the end of July 1906 for three months, 
5S. of the Madras Service was appointed temporarily to act for him.>!t 
the Government of Burma a year later, Mr. Cotton took 


63. Mr. Paton had made out 


felt that if a really 


Director 
to lie over and when Mr. 
Mr. C. W. E. Cotton, I.C. 
When Mr. Shearme Was recalled by 
his place. 
64. In the meantime, the question of appointing an expert statistician had been 
906 and had at the suggestion of the Finance Department, been 
and Agricultural Departments who were also concerned 
ts had no objection to the appointment provided “the 
atistics continued to rest with them that is, the new 
red to make any material alteration in the forms prescribed by the 
Department or “‘to call for any Dut the merest routine information from, or issue orders 
to Local Governments without consulting the appropriate Department and obtaining their 
d that a great improvement could 


previous approval.” But both the Departments agree 
be effected in statistics by having & trained statistician to deal with them. Mr. Risley, 


(later Sir) the Home Secretary (previously Census Commissioner) also pointed out that the 
d be of great assistance in solving the statistical problems arising out of the 
ance Department were doubtful whether the requisite qualifications for the 
a Chartered Accountant; moreover, in their view, the supervision 
stical data required some administrative experience as well Dut the 
th prepared to oppose the proposal. The new Commerce Member 
sion with Mr. Noel-Paton was of the opinion that there 
and he decided that action should be deferred to 


reopened in December 1 
referred to the Home, and Revenue 
in the matter. ‘The two Departmen 


general direction and control” of their St 


Officer was not empowe 


expert woul 
Census. Fir 
ld be found in 
jon of stati 
as NO 
after @ discus 


post wou 
of the collect 
Finance Member W 


(Mr. Finlay), however, 
was no real urgency in the matter 


January, 1909. 
65. ‘The matter was ultimately raised with the Secretary of State in a despatch, 
AE 23 Tn the despatch the Govern- 


dated 16th January, 1908 issued from Finance Department. 
ment of India stated that after careful consideration they had arrived at the conclusion 


that if the Director Commercial Intelligence was to carry out efficiently the most 
hat if t 0% notice for which his Department was created, it was essential to asso- 
etent and fully trained statistician. The latter would, after a short 
টি f office routine and procedure, be able to assume effective control of the statistical 

ao Office and would relieve the Director General of this branch of the work. The 
worl of the eh the new appointment would afford the holder every inducement to 

LT. (A) Dept. of Commerce & Industry. MM 
্ jo 1290/1907 ©. & T- ( ঠি 
k EE lb 62/1907 C.&T. Department of Commerce & Industry. 
5 ED “5/1908 0. & TAS) June 1-5, Department of Commerce & Industry. 
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master thoroughly the subject of Indian Statistics. The Government of India. in concelu- 
sion, requested the sanction of the Secretary of State for the following proposals: 


(a) that an expert statistician with the designation of Director of Statistics be 
appointed to the position then held by the Assistant Director of Statistics: 

(b) that the maximum pay of the appointment be Rs. 1.500 per month. the initial 
pay being decided by reference to the qualification of the person appointed: 


(ce) that the holder of the appointment should ordinarily control the st 
work of the Commercial Intelligence Department but that the actual 
work would rest with the Director General of Commercial Inte 


atistical 
appointment of the 
ligence: and 

(d) that he is selected by the Secretary of State in England. 


66. The Secretary of State (John Morley) rejected the entire proposal. In his 
reply dated 13th March 1908.2 he pointed out that the 
Statistics with a maximum salary of Rs. 1.500 
the appointment of the Director General of St 
General of Commercial Intelligence 
of relieving the Director 
Department. 


proposal to appoint a Director of 
a month was, in effect, a proposal to review 
atistics side by side with that of the Director 
and he said that he was not convinced of the desirability 
General of Commercial Intelligence of the st 
In his opinion, a trained Statistician of the type conte 
ment of India was simply not required 
the scale of Rs. 700 
former St 


atistical work of the 
mplated by the Govern- 
and he hoped that it would be possible to select (on 


501,000 a month) from the staff of Accounts Department, 
atistical Department, an Officer ( 
fied, to deal satisfactorily w 


of the Director General of 


or of the 
who should be an Indian. if possible) fully quali- 
ith the statistical work of the Department under the supervision 
Commercial Intelligence. 
67. In the absence of Mr. Noel-Paton who had one on furlough, the selection 
of a suitable non-1.C.S. officer was held up for some time and the post of a Civilian Assistant 
Director of Statistics (then held by Mr. G. T. H. Bracken, L.C.S. of the Madras Service) was 
extended for a period of Six months from 7th August, 1908. 


d by the Secretary of 
ant Director of Statisties on Rs. 1.300 
a month was about to expire, 


India in accordance with the previous 


rt to find a suitable non-I.C.S. officer 
@ month® and Mr. E. Sequeira of the Bombay 


he post in February, 1909: and he w 
January 1910. 


3. 700-50-1,000 
inted to t 
Assistant Director of Statistics in 


69. 


Customs Service was appo 


aS confirmed as 


developments 
1905 a small Committee consisti 
tment and Mr. Robertson, Dire 
al publications of Gov 
with the object of rendering them more acc 
the principal Indi 


of statistical interest during 
ng of Messrs. Morshead and 
ctor General of Statistics Wi 
ernment relating to trade 


urate and more ge 
an ports and consulting 


the same 
Arbuthnot 
to revise the statistic appointed 


After visiting 


€ Commercial 
nme a 
2+ File No. 15/1908 June C. & T.(A). Pe 


25 S | bl SH 
es Department of Commerce & Industry, File No. 10 (Commerce & Trade) of 1 


26 File No. 3/1908, August, Stat. (C) 


——_—_—_—_—_—_—_—_—_—___— 


914.15, February 
» June, Stat. (A). 
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the Committee submitted its report in August, 1905 suggesting various 
stration and compilation of the foreign, coasting, rail 
de of India: and the Government of India in their 
all the recommendations and such of 
at ports were forwarded to the Local Governments who were at 


that time the primary authorities for the collection of these statistics. An interesting 
nade in the Office of the Director General of Commercial Intelligence was that 
al Inspector) on Rs. 240 per month. It was the duty 
Audit Offices in turn and in each office check 
Previously. the figures supplied 
here was no guarantee of uni- 


community in each, 
improvements in the method of regi 
and river-borne and land frontier tra 
Resolution dated 2nd March, 1906 accepted nearly 


these as required action 


appointment 1 
of an Auditor (Travelling Statistic: 
isit the different Railway 
a set of weekly or fortnightly returns taken at random.27 
by the Railway companies were subjected to little check and t 
formity in the systems adopted in the different Railways. 

In July 1905. Mr. Holland (later Sir Thomas), Director of the Geol 
d to the Commerce and Industry Department that, the responsibility for 
1 statistics of mineral production should be transferred to him, 
e then existing system of collecting figures from the Local 
d originally in the Statistics Branch of the 
as given to the Reporter on 
as Split into two, the one being annual and 
ferred to the Director General of Statistics. 
1 of the Geological Survey 
annual publication 
s but 


of this official to v 


0; ogical Survey 
of India propose 
the publication of the annua 


of course. without disturb 
Governments.2# The returns u 
Revenue and Agricultural Department. 
Economic Products. In 1899 the publication Ww 
the other quinquennial: and the former Was trans 
In 1903 the quinquenni nded over to the Directo 


of India and the latter in © aturally desired that the 
should also be given to him. Robertson had no objection to thi 


according to the new arrangement. ] of Commercial Intelligence was to 


the figures from the Local Governments an ogical Director 


ance to th 
sed to be compile 
In 1892 the work w 


al review Was haf 
ourse of time not unn 
Mr. Paton and Mr. 


the Director Genera 
d forward them to the Geol 


receive 

for consolidation and publication. 

g 1905, an establishment consisting of 15 persons (including 2 
c on Rs. 500 a month) 


tor General of Commercial Intelligence 
0 years for the purpose of bringing out the 


f the Journal came out on 5th April. 1906. In 
as taken to plave the staff on a permanent footing but the Secretary 
aff for the Journal clearly laid down that the Journal 
ade intelligence and statistics and that all 


বৃ] In November. 
Assistant to the Di 


ned temporarily 
1.2% The first issue 0 


Personal rec! ! 
was sanctio for a period of tw 
Indian Trade Journa 


June. 1907 the decision W 
ancet 
o fully authenti 
hould be cut out. 
Noel-Paton pointed out to 
ous volumes like the 


ion extra St 


of State, refusing tO 8 
cated tr 


should confine itself t 
1S 

Government the several 
Financial and Commercial 
‘undue delay in publication, uneven 
fore suggested that the matter con- 
parts of 95 pages each, 


expressions of opinio' 
1907, Mr. 
ucing miscellane 
e Statistics, €.E. 


T2. In. January, 
difficulties encountered in pr A 
ici inistrativ 

d Judicial and Admit 
লা press. He there 


i e and 1 pl . | 
n his Offic ; sith advantage be split up into nine 
art would contain only kindred subjects. The 


hat each pat 


od 


pressure 0 
the two volun 


tained in 1 
4 : o-gprranged 
the statistics being so re-atTANE ME EE te 
s হু es BY 6-1, Commerce and Industry Department, Stat. 
a: TY; 1 ;. Septem Ee 
an PUNT SOO & Minerals, July 1 
Industry Department. 


8, Commerce & 


28 File No. 12 qT, July kB 
পট 20 of 1908, Commerce & Industry Department. 


31 File No. 10/1908, AF 
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three Departments concerned, viz., Finance, Commerce and Industry, and Home readily 
agreed to this. They also concurred with Mr. Paton’s Proposal made eT 
carrying out such other alteration as might appear necessary in arrangement anc pres 

tion from time to time, he should be allowed a free h 
of any old table or the introduction of a new one and 


to Government Resolutions had to be departmenta 


a vear later that, in 


and. However, the complete exclusion 
alteration in tables issued as appendices 
lly approved. 


73. InJuly, 1907 arising out of a complaint from the Government of Bombay against 


the tone of a letter written to them by the Director General of Commercial Intelligence, the 
Department of Commerce and Industry made it clear that it Was never the intention of 


Government that Mr. Paton should be constituted the sole authority (although he might be 
‘regarded as the central authority) for rece 


sirable that delay should be caused by ins: 
first be collected in central office before b 


iving and answering enquiries and that it was unde- 
isting that information not readily available should 
eng communicated to the enquirer.3 


74. Early in 1910 the Government of India decided that 


f the problem of the rise in 
nD March of that year, 
officer of the Finance Department was appoint 
Findlay Shirras of the Indian Educational Se 
ment. The Indian States ar 
of statistical information. 


@ detailed investigation 

prices which had by then assumed consider- 
able importance and i Mr. K. L. Datta, a senior and experienced 
ed to conduct the enquiry assisted by Mr. 
rvice and Mr. Gupta of the Finance Depart- 


1d Burma were to be excluded from the enquiry 


owing to paucity 
75. Mr. Datta and Messrs 
to collecting reliable statistics of 
nery employed in the primary co 
of Commercial Intelligence. 
& mass of statistical material 
labour (both in rural and urb 
external and internal trade, co. 


Shirras and Gupta toured exte 
prices and wages on the 
ollection of the st 
They interviewe 
On wholesale 


nsively in India with a view 
Spot and examining the machi- 
atistics published by the Dire 
d both officials and non-officials 


and retail prices, wages of 
an areas), acreage 
inage 


ctor General 
and collected 
skilled and unskilled 
and outturn of Crops, rainfall, population, 

and currency and banking, freights, transport, ete. 
76. Mr. Datta’ 


হর and the complete 
Subsidiary Volumes of st 


$ ht of India Resolu- 
ed in October, 1914 state b 


APPOINTMENT OF A DIRECTOR OF STATISTICS 


ernment of 
artment of Commer- 
€ of the Working of 


Dg under the charge 
ct categories, Viz., (1) 


mMmercial intelligence 


l s Government of Indi 
32 Department of Commerce - a 


Publication of statisti Ng wee ক 
ls Accordingly 
@ addressed the 


s ERO 
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Secretary of Sisto i ্ a Ss 3 
og NV be in July, 1913 requesting his sanction for the separation of the statistical 
rk from the other work of the C Ci igenc চ 
ETRE ETS চ a Commer cial Tutor EentE Department and for the appoint- 
& ctor of Statistics on Rs. 1,200-50-1, 750 a month. to be located in due course 
at the headquarters of Government. 

ত agreed that the work of compilation and publication 
of statistics merited the individual attention of an experienced officer and gladly sanctioned 
At the same time the Secretary of State asked the Government of India to 
General of Commercial Intelligence could not 
Agelicies and he said that if this was 
He could, there- 


TS. The Secretary of State 


the porposal. 
consider whether the duties of the Director 
‘transferred to suitable Provincial 
any further need for Director General. 
a period of three years only. 

yn Ist April, 1914 and Mr. 


with advantage be 
found possible, there might not he 
fore. sanction the extension of the latter post for 


t of Director of Statistics was created fror 
ational Service was appointed to the post, with His 


for a period of five years in the first instance. The 
abolished with effect from the same date but 
“as far as possible.” 

e of February of the proposed 


79. The pos 
Findlay Shireas of the Bengal Educ 
Excellency the Viceroy's sanction, 
tor of Statistics was 


post of Assistant Direc 
he Director of Statistics 


Mr. Sequeira was also to help t 


80. Mr. Noel-Paton had been informed in the middl 
1 of Statistics and he had been asked to suggest the division of 


tor of Statistics keeping in mind the work that was 
Within three days Mr. Noel- 


nt on leave immediately 


appointment of the Directo 
functions between him and the new Direc 
being done by the Director General of Statistics before 1905. 


Paton sent his suggestions to the Government of India but he wer 
thereafter and Mr. A. H. Ley, L.C.S., was appointed to officiate for him. Mr. Paton's sugges- 


tions as amended by Mr. Ley and finally accepted by Government were as follows : 


(a) The Review of Trade should be drawn up and published by the Director of Statis- 
tics, who would consult the Director General of Commercial Intelligence on such portions of 
ly statistical before submitting it to the Department of Commerce 


the report as were not pure 


and Industry. 
ations should be entrusted to the Director General of 


(b) Revision of tariff valu 


Commercial Tntelligence. 


(ce) Crop forecasts should b 


(d) The Tndian Trade Journal ( : 
Director General of Commercial Tntellig' 


Statistics for such statistical matter As 
of Indian Manufactures remained with 


Statistics. 


whose future Was still undecided) would be under 
ence who would be entitled to call 
he desired to be embodied therein. 
the Director General of 


e left to the Director of 


the control of the 
on the Director of 
The confidential Catalogue 
nercial Intelligence. 
81. Apart from the above, all well-d 
না খ yer by the new 
) pa t was to Ve taken ove h e 
SDE i ing purchasing offices in 
a Vie 
nd Were 


efined statistical work that was being done by 


Director. The Rate Lists which were being 
India to compare prices of articles in 


Director of Statistics. 


Jomr 


compiled with 


India and Engla L h al 
establishment, it was decided that in view of the uncer. 


livision of ; 
ন iled in regard to the future of the Commercial Intelligence Department, 
tainty that preva et General of Commercial Intelligence and the Director of Statistics 


vit was best for the Director 


AMEE Daapatoh No- 8G, Finance of the 17th July, 1018. ——- 
SR COE Tad oo mnerte & Industry, File No. 10 of 1914-15, February A 1-18, 
35 Department 0 
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hh odie 3 ugh the close 

to manage together with the then existing staff for at least six months ie gg 0 

i i © Statistics sec § ny 

nexus that Han existed between the Commercial Intelligence and Statist OTR 

] | 7 + > Trade PNA] Sectlo 
to be gradually severed. The question of hancing over the Trade of Be " লাকা পল 
; i Xhibit any anxtet 
aS also rais 2 Local Government did not exh h ; 

Government of Bengal, was also raised but the Lint ET OT EE OE 

to take it back and further, there was no particular urgency in the ma 


- eet 1 » off soon. 
of the Department of Statistics from Calcutta to Delhi was not expected to come off se 


83. Mr. Shirras’s Office consisted of 


about 100 hands divided into ten sections. viz.. 
(I) General (Registry, issue and records) ( 


TI) Prices and Freights (IH) Wages (IV) পালক 
and Administrative Statistics (V) Rail and River-borne Trade of India ul Ee 
Bengal (VII) Sea-borne Trade (VII) Frontier Trade (IX) Agricultural Statistics « 
Forecasts (X) Commercial, Industrial and Financial Statistics. 


84. The last section dealt with the statistics of joint stock companies, industrial 
establishments and banks. 

85. Below the Director there were only two Superintendents, each Superintendent 
being in charge of a number of Sections. Apart from the paucity of staff there ক! 
other faults in the Working of the statistical machine such as cumbrousness of the method ov 


i V থর We OT > 
disposal, excessive noting, distance from the Headquarters of Government. 


and round about 
correspondence. 


86. In April 1918, Mr. C. E. Low (Secretary, Commerce Department) inspected the 
Office while in Calcutta with the Indian Industrial Commission and in his report he said that 
the Office was well Supervised and that the outturn of clerks w 


expected from a Calcutta Office but that the 
belated .3, 


as fully as much as could be 
issne of returns was in Some cases very much 
ST. Mr. Shirras’s term of office w: 
ments in the quality and representation o 
the first concerted Step w 


as nevertheless marked by 
f current official Statistics. It was in his time that. 


ken to improve the Statistics relating to Indian States by 
Princes and Chiefs.3? Mr. 


iamely : 
(i) A Manual on the Preparation o 
(ii) A Collection of Orders Rel 
tistics Relating to the Sea-borne Trade 
(ili) a Guide to the Statistical 
88. Ina memorandum pre nittee under Sir Hubert 
Lewellyn-Smith’s chairmanship in As made the 
tions for remedying the defects n artment:38 
(1) The gaz, 
an Assistant Direc 


a number of improve- 


aS t 
calling a Conference of Ruling 


Shirras also brought out three 
important special Publications, 


f Crop Forecasts in India. 


ating to the Registration and publication of Sta- 
: and 


Publications of the Government of Tndia. 
pared for the P 


rocedure Comr 
October 


following sugges- 


(2) The non-gazetted staff Should be streng 
cruitment in the lower ‘5 


thened in the 
divisions discontinued. 


higher division and re- 


Department of Commerce 


Statistics 1920, J 2 
Department of Commerce leroy, LE 
#8 Progs, No. 13 (s 
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(3) Greater use should be made of labour saving devices. 
(4) The Director of Statistics should be made Deputy Secretary (Statistics) i 
i ’ in 


G Ce 8 a ad 
ommerce Department and should be loca ted at the Headquarters and should be permitted 
Tmitte 


to dispose of all cases exe * 
pose of all cases except those relating to expenditure beyond a certain amount 


(5) Noting should be curtailed. 
e on Statistics be 


the Department 0 


(6) Correspondence tween India Office and the Director of Statistics 
should be direct and not through f the Government of India concerned 


as this meant delay. 
S9. Mr. Shirras also desired that the Census should be transferred to the Depart- 
ment of Statistics in s0 far this was practicable. 


REPORT OF THE INDIAN INDUSTRIAL CoMMISSION 


1 the Chairmanship of Sir Thomas Holland 
ion of the Statistical Department.® The Com- 
on the suitability of the then existing system 


Y0. The Industrial Commission unde 


had, however, reported against any extens 
mission after taking © great deal of evidence 
of collecting and distributing statistics of commercial intelligence under the Director of 
Commercial Intelligence respectively. arrived at the conclusion that where a specialised 
Department existed, it should handle the statistics of interest to that Department, as in the 
Railway and Mineral statistics. lone, thiey said, irrelevant data would be 


Unless this was ¢ 
collected and essential facts would be overlooked. 


ector of Statistics should be a 
1s, his relation with statistics should be merely arith- 
omment on them. As an example, the Commis- 
ation of which was ® highly technical business 
approval of the existing practice whereby the Director was responsile 


ts of Provincial Officers. Such a duty, would, in the opinion of the 
performed by a responsible officer having general ex- 


91. The Commission Was of the view that the Dir 


compiling officer only. In other Wort 
metical, that is, he should not be allowed to ¢ 
sion cited the case of crop forecasts, the prepa 
and expressed their dis 
for amending the forecas 


Commission, be more appr 
jeulture. 


opriately 


ian Agr 
1 the constitution of a separate Department 


1 Industrial Intelligence under the general 
Statistics should remain 


perience of Ind 

92. The Commissior 
a Director 
tment but they \ 
he Commerce Depa 


reed with the suggestion 0! 
e discontinued and in its place. occasional bulletins on subjects 


ime to time). 


) alsO recommended 


of Commercial anc 
vere clear that the Director of 


rtment of the Government of India. 


f the Government of India that the 


of Industries and 
control of that Depar 


under the control of t 


(The Commission 28 
hould b 
d from t 


erm of office of the 


ng extended from 


Indian Trade Journal 5 
of interest shauld be issue 
ances the t 
was bei 


Director General of Commercial Intelli- 


Tn the circumst 
year to year.40. 


Lindsay, 
ed the recommendation that the Commercial 


f India rejecte 


gence, then Mr. 
d be transferred to the proposed Depa 


rtment of Industries. 


Tntelligence De artment shoul { 
At eine Te after consulting Provincial Governments and Chambers of Commerce they 
rial Commission 1916-18, pages 120--25. টী So 


eB? pote 
39 Report of Indian Indust j 

40 ! Jan, A 1-3 Commerce Intelligence 
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submitted to the Secretary of State (Mr. Montagu) 


i i ing an increase i x pay of 
of the staff of the Commercial Intelligence Department including an increase in the pay 
the Director General of Commercial TIntelligence.u 


they had for the time being dropped the ide 


@ scheme for a considerable expansion 


They also stated in the despatch that 
@ of recruiting commercial men for the service 
and were on the look out for a suitable T.C.S. Officer, In regard to the Indian Trade Onn 
the Government of India were now not sure that it should be discontinued although they 


themselves had Suggested it in 1916. In his despatch dated 20th January. 1921, the Secretary 
of State agreed to these proposals. 


94. The Government of India accepted the su 
tistics should remain as a separate 


of the then acting Member 
quoting in full :42 


ggestion that the Director of Stan- 
entity under the Department of Commerce. But the views 
for Commerce and Industry (Sir Thomas Holland) are worth 


“The Director of 


Statistics now deals with returns for industries. 
health, education, justice 


and dozens of things th 
partment. The raw materials from wr 


agriculture, public 
at do not come under the Commerce De- 


hich he constructs his tables should. when possible, 
pass through the expert sieve of the 


of minerals since 1904: 
from the cause of 


appropriate specialist department, as in the matter 
and the specialist, not the statistician, should point the lessons: apart 
accuracy, the handling of st 


atistics suggests lines of action for the 
specialist departments, which may or may not, but should generally, issue separately their 
reviews of the figures. Statistics are Never accurate, but when passed through the 
Specialist sieve, 


the residual errors are relatively unimportant: without this process of refin- 
ing they are as dangerous as Herbert Davis clock. 

“There is room for 
together suitably for 
Statistics will always 


administr 


@ special department/in which the chief st 
Public reference: 
relate to trade. 
ative control of the Director 
is the appropri. 
practice by which the Dire 


tistics are. gathered 
action by bulk of the 
atistics need not be under the 
al of Commercial Intelligence. The I 
reviewing commercial st 
Statistics reviews the tr 

95. The Imperial Statistical Conference which met in. Londo 
an important resolution on the organization of Statistical work. 


and although the chief fi 
the Director of St 
Gener 
ate specialist for 
ctor of 


atter, 
however, 


atistices; the present 
ade returns is a mistake.” 


1 early in 1920 adopted 
The resolution said that 
hen limited to the initial 


agreed that the prescription 
On the one side to 


Xxercised Properly w 
work of collecting and compiling figures. The Conference is 
of so narrow a function has resulted in the pa 
tracing of undigested statistical material 
mation. which is of value readily availab]l 
emphasised the fact that the 


St in a tendency 
and on the other 


to the community will be Sacrificed. 


96. The Conference thus 


contemplated that the 
compile the figures but also publ 


Statistical Officer Should not only 
ish them with Some form of critical analysis. 
41 Finance Department Despatch No. 431, dq: 
12 Department of Commerce 


ated 10th Rept., 1920. | 
n 
49 Commerce Department 


telligence), Progs. July 1923, Nos. 1-26, page 15. 
1-9, part B, December 1922 and K.W., b 
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clearly it conflict with the recommendation of the Indian Industrial Commission whicl 
hal previously been accepted by the Government of India. viz., that the Director of Se 
shoal regard himself as merely a compiling Officer. Mr. Shirras asked fo a onan deri 
of this decision but the Hon'ble Member for Commerce was unwilling to reopei the Gusto 


| U7. In another resolution, the conference affirmed its opinion that the accuracy 
of statistical information secured by means of voluntary or optional returns was open to 
serious doubt. ‘The conference, therefore, recommended that whenever a Government 
called for statistics on any subject or series of subjects it should confer the necessary statutory 
authority upon its officers. But when the question came up for consideration by COT 
It that this resolution went too far in the case of India; Government 
arm in compelling well-organized industries such 
This was already ad- 


ment of India, it was fe 


were of the view that there would be no h 
and the like to supply specified information. 
of cotton but it would be unwise to undertake general legis- 


nglish Bill and it was decided that for 


as jute mills, collieries 
mitted in principle in the case 
lation even of the comparative 
the time being it would be better to rely 
that the taking away of the Review of Trade did not 
mean any diminution in imp post of Director of Statistics, for towards the end 
of 1921 the Government proposed an enhanced rate of pay on the scale Rs. 1,250-75-2,000 

ived, however, the permanent incumbent of the 


Before the sanction Was recei 
ad been appointed Director of the newly opened Labour Office under the 
from 1st April 1921) and Rai Bahadw' D. N. Ghosh had succeeded 


; and the sanction Was treated as cancelled. The 
Lindsay) was placed in general control 
ite the Annual Statistical Reports in 


ly limited scope of the E 
mainly on voluntary Information. 


98. It must be stated here 
ortance of the 


for the post. 
post, Mr. Shirvas h 
Government of Bombay ( 
him as officiating Director of Statistics 
Director General of Commercial Intelligence (Mr. 
of the Statistical Department. He was asked to wr 
addition to the Review of Trade.t 


99. By this time the financial situation hac : " d an 
vith a view to effecting retrenchment in every possible direction appointed a 
WwW € V1C 2 


|] 
|| পল ক ler the CI airmanship of Lord Inchcape. Departments were told that in 
ittce under the Lh bi « মৰ chat att 
SDMIUEG ar as “they should bear in mind the fact that certain activities, although 
Mena hs tl selves may be beyond the means of the Government of India 
able In CMSELV ES, “ ম্‌ 
tions. 


greatly deteriorated and the Governor 


eminently desi 
in present financial condi 

The axe fell heavily on th h 
tics. Rete: Director General of PE 
month was abolished, but Mr. C. G. Freke, Es ! ~ mh 
Was permitted to retain the title Le the UE 0 লো =; St 
with Commercial Departments in other 


Soon afterwards. 
istics Was amalgam 


1 Intelligence and Statis- 


e Department of Commercia 
al Intelligence on Rs. 2,500-100-3,000 per 
s officiating in that post at the time 


he matter of correspondence 


countries however, to be revived 


ated with the Commercial Intel- 


of Stat টে a Pi aS 

LY Depsrine'yootor of Statistics, while retaining Lis OATS OE 

ligence Department and the 11 Commercial Intelligence on @ pay of Rs. 1,000-100-1,500 
of d to the Provincial Govern- 


‘rector Ph 
pr: e Office was to be re-transferre 5 
eneral of Commercial Intelligence was 


The Director G al Inte 


the footing of a Deputy D AT 
per month. ‘The Bengal BCE 0 
51 1923. 
ment with effect from Ist rE Progs. 
EE SON EA « 
- nce & টে May 1922. 

11 Department of COD yr. No. 1338-E, dated oth Vey 

45 Finance Dopartmen”s lll 


MEE MS 
B No. £19, May 1921. 
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asked to examine the publications of the Statistics Lo SMa in a ET ট্ age 
of Statistics with a view to their simplification and curtailment. be Was be ST 
discontinue’ the ‘Prices and Wages" and “Rail and Riyer-borns oO ঠ a ea tHE 
five volumes of the Statistics of British India were substituted by the sing লক Eo 
Statistical Abstract of British India and the corresponding India Office publicatior 

they were unwilling to give up in 1915) was discontinued. 


EcoxomMc ENQUIRY CoMMITTEE 


. টু “সর i - ‘hambers of the 
102. Early in 1925. pursuant on Resolutions passed by both Cham 


ঠ i - the ir shi Nir M. 
Central Legislature, the Economic Enquiry Committee under the Chairmanship of Br 
ire i i L adequacy Statistica 

Visveswarayya was set up to enquire into “the question of the adequacy of the stati 


irabili ibili ing i i ‘taking 
data available and the desirability and possibility of supplementing it and of undertt { 
an economic enquiry.” 


103. The Committee in their majority report which was submitted in August L998 
made a comprehensive survey of the available statistical material in regard to Production 
prices, etc. and came to the conclusion that if statistics in India were to be maintained on 
@ satisfactory basis, all work relating to it should be co-ordinated and centralized as in tbe 
Dominions; in other words, the statistics of all Departments, both of the Central and Provincial 


Governments should come under the supervision of one central authority who would act as 
the adviser to Government in all statistical matters. 


104. The Central Organization proposed was to consist of a Director of Statistics. 
whose appointment would be subject to the vote of the Central Le 


gislature and two Assistant 
Directors, a, third being employed for tempor 


ary periods of about four years each time in 
connection with the decennial Population Census so as to assist the Director of Statistics 
who would also take over the responsibilities of the Census Commissioner. The Committee 
also proposed the setting up of a Statistical Bureau in each Province under a Provincial 


Statistician Possessing a high degree of local knowledge. Citing the old saying that there 
can be no statistics without legislation the Committee poi 


entire Organization on a statutory basis by enacting a Census and Statisties Act. 


105. Among the other recommendations made by the Committee was one relating 
to the compilation of an Official Yearbook on the lines of th 


e Dominion Yearbooks, with the 
co-operation of the Director of Public Information. 


ted out the need for placing the 


106. The Government of India, 


appreciated the underl 
which was to improve the 


Ying object of the Report 
standard and extend the Scope of the available Statistical material 
but in view of the important financial and administrative considerations involved in imple- 
menting the recommendations, they 


decided in the first instance to invite the views of 
Provincial Governments on the pro 


posals.46 

107. At about the same time, the President of the International 
sent @ copy of the Resolutions adopted at the 16th session of the Institute held in Rome 
in 1925 and recommended their adoption by the Government of India.‘ Tn October 1926 
the India Office asked for the View: 


\ Y Vs of the Government of Tndia on these recommendations 
with particular reference to a census of industrial production 


Statistical Institute 


16 Finance Department, Resolution No. D 


|4209/F, dated 23rd Oet., 1995 
47 File No. 5297 A-C(2). Com.. dated rd Oct., 1995. 


February 1927, 
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লা I 3 out of the question, Ho wEvS that at a time when the statistical budget 
fel een so badly cut down that even inland trade statistics had to be discontinued iy 
RE on the collection of industrial statistics would be countenanced by the 
y nent of India. The Commerce Secretary's reply to His Majesty's Under Secretary 
o£ State, however, merely stated that the Government of India proposed to defer cL 
tion of the Resolutions until they had received and considered the views of Provincial Cn 
ations made by the Indian Economic Enquiry Committee. 


109. Provincial opinion was rather slow in expressing itself but the Government of 
r saying that they would oppose any proposal to be handed 
the control of the collection and compilation of Pro- 
to advice from the Central Bureau, they 
trative Departments should be given 


ments on similar recommend 


Burma, who replied after a yea 
al Bureau of Statistics, 
While they had no objection 
at the Provincial Adminis 


over to the Centr 
vincial statistics. 
were firmly of the view th 
pt or reject this advice.!8 

from the Government of Burma proceeded to say that the Local 
nt considered it desirable to leave the existing agencies untouched but to subject 
m to the expert scrutiny of a Provincial Director of Statistics 
ted with these agencies. They therefore proposed to appoint 
d of three years if the Government of India had no 
nt of India said that they had not yet 


he Central Statistical Bureau and hence 


freedom to acce 
110. The reply 


Governme 
the statistics collected by the 
who would be otherwise unconnee 
an L.C.S. officer to this post for 


objection. Replying in March 1 
d examination of the question of crea 
t themselves one way 0! 


Lit. Ultimately in their final orders Oo! 


a perio 
927 the Governme 
tion of t 
1 the other at that stage. 

1 the Report which were issued on 23th 


ernment of India stated the subject of Provincial Statistical Bureaus 
the recommendations of the Royal Commission on Agri- 
n with Local Governments. It was also 
Statistics was under 


complete 
they could not commi 


August 1929 the Gov 
had definitely been su 
re being examine 
of the creation of a sepa 


perseded by 
culture which we! d in consultatio! 
stated that the question rate Department of 
Government's considerati 

112. In regard to the 
partmental notings 
namely; 


on. 
a Yearbook it would appear 


proposal for the compilation of 
that it was considered undesirable to enter into competition 


the Times of India Yearbook. 


ent of Bombay had proposed to introduce a bill 
y of statistical information for 


39 in Part 1 of Schedule I 
ave the necessary sanction 
btful whether the country 


from the De 
with private enterprise, 
113. As early a8 19% লি j 
Jegislature to provide or the § Sn 
public purposes. Statistics W a Central 3 HE 
to the Devolution Rules) but th rnment of Incit i ডা 
10 the introduction of the Bill. They bn 0 the same time cou 
as a whole was ripe for legislation of this En ob 
1d. ABILVAS accordingy P. om ; 
for } 48 istics relating in particu ar to prices © 
br the: collee! work, employment and unempl 
OF WEE 2 . patter which the Governor-in-Counci 
J -escribe. 
and after a 
first be circul 
e opinions received. 


overnm 
atutory collectior 


in the local 
e Gove 


Labour Office so as to provide 
f commodities, cost of living, 
oyment and industrial 
1 might by notification 
On introduction in the local Legislative 
lengthy debate on the motion for 
ated to the various Asso- 


rents, rates 
disputes and generally. 
in the Bombay Goyer, njxed re 
Council however, it met wit হা hat the Bi 
first reading the C fted in the l 
ciations concerned MIE 
MEE oi April 1927. 
ঠ Comme! 
0. 1398 C0, 113 
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115. Early in 1926 the Government of Bombay rec 


Juested the sanction of the Govern- 
ment of India for their re-drafted Bill. They also wanted to know whether in view of the 


: i ae >| f ia had any ob- 

Report of the Indian Economic Enquiry Committee, the Government of India had oe 
i islati fore the SCII- 

jection to the Provincial Government embarking on such legislation. But before the Gov 


ment of India could make up their mind in the matter, the Government of Bombay had 
independently decided not to proceed with the Bill. 


Rovar CoMMISSION ox AGRICULTURE IN INDIA 


116. The Royal Commission on 
the general question of statistical 
agricultural statistics. They recommended the 
Officer at each Provincial Headquarters, who woul 
Provincial Services and would be ent 
and economic progr 
Statistic. 


Agriculture which reported in 19 
organization apart from the other 


28 also examined 
questions concerning 
appointment of a well-qualified Sististical 
d have the status of an officer of t he Superior 
usted with the 
ess of the Province. 
al Information with a small st 
made responsible for co-ordir 
field a Statistical Officer Wi 
those discoveries from th 
Were the aim, and freque 
L177. 
Provincial se 


task of studying all aspects of the social 
He would act as the Director of a Burean of 
aff of subordinate officials and would e 
and publishing all Provincial statistics. 
as called upon to sury ey, the 
€ correlation of data de 
ntly the achievement, 
The Commission also pointed out 
If-sufficiency must 
Nonetheless true that there we 
by a Central agency. F 
to their full utility and th 


iy machinery for coordina, 
tuting 


ventually be 
7 


hating 


The wider the 
more opportunities he had for making 
rived from Widely different sources which 
of all modern statistical work. 


that although the general tendency towards 
he recognized in the Statistical as in other fields, it was 
re important Statistical services which could be provided only 
acility of comparison between provincial statistics was essential 
€ uniformity necessary for comparison wi 

tion existed. The Commission were the 
the Department of Statistics 


As a separate department. 
ever, unable to agree with the Economic Enquiry Committee 


should be created. All that would be required at fin 
class statistician of tecognized competence who, 
by the Government of India. The Officer 
of Statistical information. 

advice acceptable not only 
and the informed public. 

zation for Boards which w 


revision; and representati- 


ould be most easily secured 
refore in favour of reconsti- 
The Commission were, how- 
that a large central organization 
St would be the engagement of a first- 
with his staff would be appointed and paid 


might be styled the Director of the Central Bureau 
The Officer selected must be of sufficient standing to make his 
to the Provincial statisti 

Provision should 


"al Statistical Organi- 
Ould advise on t 


: statistics and their periodical 
ve leading economists, Scientists, and business men would find 

@ place on these boards as well as officials of the Departments interested For, the Com- 

mission stated, “the Whole basis of Statistics in India ur ently requires } j ) 

rest not on the work of Ss Tan 


Proadening. It should 


able, but on the support of the 


y the legislatures al 
ical methods ave in } eglslatures and by the gener 


© an indispensable contribution 
Md of social administration.” 


ation undertaken 


purpose. Cts will of itself Serve 


a useful 
“° Paras 588-39 oF tho Repo lak 
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RoyAL CoMMISSION ON LABOUR IN INDIA 


119. The Royal Commission on Labo ported in 1931 had 
| NE mmission on Labour in Indi: i 
A. Ro h 1 India which re i i 
feat কলা make in regard to Statistical Organization. In et দ্ Le L 
SL S j 
lishment of Labour Offices at the various Provincial ie দন i ত 

1 i S on the lines 

f Economic Enquiry on the model of the Punjab 


th 
e Bombay Labour Office and Boards 0 
ission pointed out the misapprehensi 
ension that prevailed i 
ed in certain q 
lin quarters 


to the effect that the collection of statistics was 2 luxury in which only rich count: i 

ETE EES ine de 
the same time the Coramission doubted if ar E so ol ef Gs 

j J hy extensive progress could be made wit} 

Tt was true that the Bombay enquiries had been carried thro য 
wners but it was unlikely that the same amount thoes 
methods. Legislation for the collection of a, 
oe was in force in the majority of countries 


Board, the Comm 


indulge. They said th 


statutory powers. 
the voluntary cooperation of millo 
could be achieved every where by voluntary 


tics regarding the economic condition of the peopl 
of industrial importance. The Commission therefore recommmended that le: islati 
b ') 1 
adopted, preferably by the Central Legislature, enabling the competent ree 2 
bi jy to collect 
ttendance and living conditions (inelud- 


information from employers regarding remuneration, a 
ng prices, from landlords regarding 


ing housing) of industrial labour, from merchants regardir 
Tn the view of the Commission there was no T00 
m for undue fear 1 i 
J regarding the 


powers by Government Departments and in this connexion they pr 
ry body in which representatives of employers, labour 
y in conference. A body of that kind when it was SRtRASd 
and the discretion that would be shown in usin, 
authority to officers. It would naturally be 
t be published or disclosed without express 


rentals ete. 
possible abuse of such 
posed the setting Up of a statuto! 
Governments would meet regularl 
0 the need for compulsory powers 
ble to give the necessary 
idual returns should no 


in regard t 
them, would be @ 
condition that indiv' 


permission. 
190, A tangible outcome of t ommendations of the Royal Commission on Agri 
1% 


culture in regard to statistical improvem tting up of a statistical section in the 
newly opened Imperial Council of Agricultural Research. At about the same time, it was 
decided to revive the publications relating to statistics of internal trade. A scheme for the 
collection of statistics of industrial production ona voluntary basis was also put into effect. 
The scope of the availabl e statistics was enlarged. Apart from these, there 


o wholesale pric 
was nothing of importance during the 


he rec 
ent was the se 


period to report. 


OF A STATISTICAL RESEARCH BRANCH 


TABLISHMENT 
5, Bs response to public demand, His Excellency the Viceroy Lord Willingdon 
Taio Assembly early in 1933 forecast the initiation of a programme 

c evelopment for India. The success of such a programme Was, HONEVEE 
a trained organization for the continuous analysis and for: 

did not possess at that time. Gove 


which India 
mediate establishment of such an 


THE ES 


dependent on the 3 
iC statistics, 


pretation of econo | E 
were thus faced with @ situation which called for the im j 
sh at their headquarters a Statistical 


; ide 

Organization. They accordingly Be Director G: ] of 0 ৰ 

R ibe rol of the Ire ceneral of Commercial Intelligen 
esearch Bureau un er gence and 


d to establi 


the cont 


Commerce A, August 1931. 
33, Commerce A. 
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Statistics. At one stage, it was also proposed that the Statistical Branch of the ODO 
of Commercial Intelligence and Statistics should be moved to Delhi bute when tlie Direct é 
General (Dr. Meek) submitted the necessary detailed Proposals, it was realised that tifienltios 
Would arise in regard to the provision of office and residential accommodation for lle staf 
to be transferred. Tt was therefore decided that the move need not take place immediately. 
The question was no doubt re-opened some years later but it had to be 


dropped again, this 
time owing to difficulties comected with pri 


iting arrangements. 

122. As the Director General would necessarily h 
Necessary to have at the head of the new Rese 
Research and the Post was filled by an Officer 
tical Research Branch Was later merg 


Ave to tour greatly, it was thought 
arch Branch a Deputy Director of Statistical 
already in Government Service. The Statis- 
ed in the Office of the Economic Adviser, 


34, into the Possibility of an Economic Census of 
ground and in addition to making 


and the measurement of the National 
ommendations in regard to st 


They also Tecommended the com 


entre and for the Provinces. 


‘This last recommendation has since been 
glven effect to at the Centre by the 


" to the Government of India, but, in 
a similar Organiza- 

124. The two experts further recommended the 
nomic Staff consisting of four, including a Director of St 


able degree of independence, and with duties identic 
Enquiry Committee of 1925, namely, the org 


AS well as the ¢o-ordir 


0 € appointment in each 
dent of departmental control, w 


in every possible Way. 


appointment of a permanent Eco- 
atistics at the Centre with 
al with those specified by 
anization of the Cens 
tation of all Centr 
Province of a who. 
ho would Cooperate w 


a consider- 
the Economic 
Us of Population and the 
al and Provincial statistics. 
le-time Statisticians, indepen- 
ith the Central Director of Statistics 


Bowley.Robert son Report. 

et up a Central Statistical Organization 
:f# But this Organizati AS Y i 

Separate and distinct from the FE i ED UtOD ong iho ese 


Organization which : Yr Y 
to create at New Delhi under an Economic Advi L ELL ES or ete 
duties would be “the c 


from Calcutta to New 


52 File No. 7-C(10), 35 Comm. A Sept. 1938. 
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Tt turned out later, however, that owing to practical difficulties in the wa of 
Cs So Calcutts to Delhi the Vo and staff connected with the ls of 
ত! rE and the heavy financial commitments this would entail, the Govern- 
De ia decided to abandon altogether the scheme for creation of a Central Statistical 

ganization. ‘The Economic Intelligence Organization under an Economic Adviser 
Br. Vater Sir) T. E. Gregory had,on the other hand, been set firmly on its feet early in 
1938 and had, as proposed, absorbed the Statistical Research Branch at headquarters. 


127. 


transferring 


DEVELOPMENTS DURING WORLD WAR II 


128. The outbreak of the war in 1939 and its later transformation into a World War 
thoy on the Government of India a two-fold responsibility for the execution of programmes 
of actual military operations including the procurement of supplies for the forces and the 
co-ordination and rationing of civil needs. The need for more and more statistics began to 
be keenly felt by the various Departments of Government for the effective discharge of their 
a great mass of data was thus collected. For example, the Industries 

created for the purpose of regulating 


t, which was specially 

an consumption, compiled in connection with 
information relating to essential articles. As 
d accuracy could 


new obligations and 
and Civil Supplies Departmen 
articles available for civili. 
continuous 


nce of statutory powers, completeness an 
tput, legislation as planned by Dr. John 


not be obtained in regard 

Matthai, Officer on Special Duty in the Commerce Department in the early stages of the war 

period was enacted in the shape of the Industrial Statistics Act of 1942. Procurement and 

output statistics over @ wide range of articles were collected by the Purchase Sections and 

Directorates of the Supply Department. The Department of Food garnered valuable data 
f food products as well as essential information 


ces, stocks and movements 0. 

The War Transport Department which was also formed during 
Jating to motor vehicles. The Railway Board expanded its 
n the railways. The Department of Commerce obtain- 
nd export trade controls. 


supplies of various 
the administration of controls, 
in the abser 


experience showed that 
1 to data on industrial ou 


— 
—_—_—_—_—_—_—_—_—_—_—_—_—_ 
—_—_———_—_—_——_—S 

——— ee PE Sle 


concerning pri 
relating to urban rationing. 
data re 
the extra strain 0 
1g tO import ar 


the war collected new 
statistics so as to show 
ed detailed statistics pertainir 
nformation in regat 
S gat 
tions of a small com 


Ad to acreage, production and prices of agri- 
hered by the Education, Health and Lands 


129. Additional i 
mittee under the Chaitman- 


and livestock wa 


cultural commodities Y 
Department. Resulting from the delibera : j 
Kharegat, @ pilot scheme of crop cutting experiments relating to the 

glad El ট্‌ 
tatistical Adviser to the Imperial (now Indian) 


*ship of Sir Pheroze 
principal crops Was ev 
Council of Agricultura 


1943 by the S 
The Department of Labour initiated a system of retail 
India and made considerable progress 


ious parts of 
asis, of working class cost of living index numbers 
fice of the Economic Adviser to the Govern- 


ehensive enquiry into the family budgets 
h gets 


olved in 
l Research. 
nm bers for rural centres in var 
ation, On A uniform b 
] centres in India. The O 
d to undertake & compr' 
f the Central Government. 


price index nul 
in the matter of compil 
for important industria 
ment of India was authorize 


of middle class employees © 
MENTAL COMMITTEE ON OFFICIAL STATISTICS 


a however, & number of gaps began to exhibit themselves and the 
1 SC, ? Pa : . 
130. With all tie and improving the then existing organization for the collection 


Problem of filling these EY t of India early in January 1945 to set up a fully representative 


of statistics led the Governmen LL 


IxTER-DEPART 
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Tnter-Departmental Committee under the Chairmanshi 


the position and Suggest possible lines of reform. 
mittee were : 


P of Sir Theodore Gregory to review 
The terms of reference to this Com- 


(i) to consider the statistical materi 


al available to Government and to make recom- 
mendations with particular reference to fillir 


1g up the gaps: 


(ii) to suggest such additional statistical material 


As may be required in the light 
of the probable needs of th 


e Government and the country in the post-war period: 
(iii) 


to review the existing organization by 
Suggest any 


which the material is supplied and to 
improvement or changes considered n 


ecessary. 

The Committee continu 
reported, the war had ended 
efforts to reconstruction. 


Portion of the mass of material collected 
utilization of electricity, was of continuing u 
to be done. Accordingly, 
the compilation of a comprehensive 


Wage rates, price indices, trade classification, volume of retail 
and building construction, and the output of cott 
Special emphasis on the settin, 
estimates of the N; 


@ durable organization 
for the Population Census. [The last of these items had also been touched upon by 
the Health and Development © Population Data Committee ; in fact 
Tecently a firm step forw': 
of a Registrar General 


ed its deliberations ov 
and the focus of attention 
On re-examination, the Comn 


er the whole of 1945 and before it 
had Necessarily shifted from war 


ittee found that although a large 


during the War, e.g., statistics, of output and 


tility, a good deal of new work 


fill remained 
it made a number of 


detailed recommendations relating to 
index of industrial Production, employment and 
sales, statistics of housing 
age industry. The Committee laid 


g Up of machinery for the 
ational Incom 


ing institution.] Amongst 
nental Committee was a 


lishment of the National Government . 
Government expanded in many way 


Paper received : J uly, 1958, 
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CALCULATION OF SAMPLING ERRORS FOR INDEX NUMBERS 


By K. S. BANERJEE 
State Statistical Bureau, West Bengal 


SUMMARY. In the construction of cost of living index (consumers’ price index) numbers, 
the weight of a composite commedity is generally known in practice. The weights of all the SORELLE 
items of a composite commodity are not usually provided by a family budget inquiry, Criteria have 
been developed showing how unbiased estimate could be prepared cf the index based on the knowledge 


of the weight of the composite commodity as a whole, and. also how over-all precision of the estimated 


index could bo increased and errors calculated. 
1. INTRODUCTION 


Calculation of sampling errors for Cost of Living Index (Consumers’ Price Index) 


numbers under different sampling procedures has been illustrated in this note. The incidental 


observations, as made in this context, are expected to be helpful in increasing precision of the 


estimated index. 
2, LASPEYRES’ FORMULA 


Laspeyres’ aggregative formula, when expressed in full, takes the form, 


100 > 3 pl; 98/2 2 DY OU, + (2.1) 
LE) 
where pij and ij denote respectively the price and the quantity consumed of the j-th consti- 
ij i ke ৰ 
tuent item of the i-th composite commodity, and the upper subscripts, 1 and 0, denote res- 
pectively the period compared and the period of comparison. Formula (2.1) is reducible 


to the form, 
স্Xwi rij 02.2) 
$5 
0 g0. jy, = 1. 
Where 7; = 100 plilpf, Wi = DB allX 3 gg and সু ডর Wij 
Formula (2.2) may further be reduced to the form, 
(2:8) 


X Wir, 
t 


i-th composite commodity (if it could be found), Wi, its 


rice relative of the 
iL 


Where 7; is the P 
weight, and > Wi = 
t 
MODITIES USUALLY NOT 


T ITEMS OF COMPOSITE COM. 


KNOWN IN PRACTICE 

|} determined by a family budget survey. The questionnaire 
aR ot vides for entries of expenditure on composite commodities. 
টক only can thus be computed. As it is not possible, for 
on the constituent items of a composite com- 


3. WEIGHTS OF CONSTITUEN 


The weight 


of such a budget inquiry eet 
Weights of composite eT" expenditure 
practical reasons, to know of the the constituent items remain unknown. Had these 


modity individually, the we d straight away be adopted for the construction 
Weights been known, formula oe STI But, as these weights remain UU unknown, 
of the index without making ny o of the weight of a composite commodity 


hich knowledg: ৰ ¥ 
@ formula has to be preferred mE (2.8) satisfies this condition. Only the weight of a 


as a, whole should be sufficient. | 
y is invo. 


ights for 
(2.2) coul 


composite commodit 119 
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4. CONSIDERATIONS ON WHICH PRECISION OF THE ESTIMATED INDEX DEPENDS 


i + Sj » ity 1s 
Precision of the calculated index will depend upon how a composite commodity 
i i 3 ion i 3 are 
composed. Indeed, much will depend upon the manner in which the consumption items 
grouped into composite conmodities. 


A group of items (composite commodity) may consist of a large number (finite) of 
constituent sub-items with each of which will be 
impracticable to include all the constituent sul 
construction, the construction has, of necessity 
items. The next question would then be to fi 


associated a price relative. As it would be 
b-items of a composite commodity in tho 
» to be confined to a sample of the constituent 
nd out how best the sample could be drawn. 


5. UNBIASED ESTIMATE OF THE INDEX AND ITS ERROR 


In order to standardise the method of construction of index numbers. an unbiased 
estimate of the index was developed ( 
tion was that the composite commoditi 
tuent single items of a composite cor 
the component items in commodity c 
Under this assumption, the estimate 


1956a) under a simplifying assumption. The assum- 
es be so chosen that the expenditures on all the consti- 
nmodity are the same. This assumption meant that 
lassifications were of equal importance in consumption. 
for the index was obtained as 


ni | 
Wir, sa" (B.D 


Where rip is a Price relative of the k-th 


Wi, the weight of the 1-th compo 
from 


constituent item of the i-th ce 
Site commodity, n;, 
Hi constituent items of the comp 


omposite commodity. 
the number of items selected at random 
OSite commodity, and ST Ee 1, 

i 


The variance of the estimate (5.1) was Obtained as 


5) 2 
Nini W? or; 


=A Hs ass 5.5 ) 
FY 2 tL nj # ( 
where or is the Variance of ris. 


It will be noticed that the weic 


ght of the com hostile commodi, টি L 
in the estimate. + modity as a whole i 


S only involved 


ion coefficient GD d. The generalised assumption 
i a hts, 10, and the price relatives; 
tion of p,=0; 181, Yj, he price rela 

Pp Pi = 0 includes the Special cases of (i equality of weights 


lity of both Weights and price 


ty, is ‘0°. The assum 
(expenditures), (ii) Ce relati iii 
relatives, at ahs ed 


In order that the as 


sumption be fulfi bb 
to be split into two or mor নকল 


la nearly fulfilled @ CO it ave 
A : commodity yh 
e composite commodities. ER Hn b 
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6. ESTIMATES UNDER DIFFERENT PROCEDURES AND THEIR ERRORS 


Practices differ with regard to the treatment of composite commodities. One practice 
SPDOMS to be this: An arithmetic mean of prices of the sampled constituent items is drawn 
for the base period as well as for the period of comparison. The relative of Such average 
aleulated, and this relative is then averaged with the weight. It has been how 


prices is ca 
(1956c) that the assumption underlying this practice is the equality of quantities consumed 
Under this assumption, the 


of the constituent sub-items of the composite commodity. 


estimate of the index gets approximated to 
X piri 


* Nd fr. 
2 5 pi Wi, xe (60) 


where 1; is the number of constituent items selected from N; component items of the com- 
posite commodity. 
The variance for this estimate may be approximated to the same form as (5.2). 
Tn this case also, the assumption of equality of the quantities may be generalised. 
The generalised assumption Will be that the correlation between the price and the quantity 
consumed of the constituent sub-items of the composite commodity should be zero. The 
form of the estimated index and that of its variance will remain the same even when the 


assumption is thus generalised. 
The average price of a composite commodity could be worked out (1956c) in the 
form of a harmonic mean of prices as well, and that, in a given situation. In that case also, 
the estimate of the index would be obtained in form similar to that in (6.1), where the arith- 
metic mean would be replaced by the harmonic mean of prices. The variance for this 
/ 2 Sea 

estimate also coluld be approximated to the same form as given in (5.2). 

the index of the i-th composite commodity, although not 


Another estimate for 
he form! 


unbiased, could be obtained in t 
Y wir Tix 
j #4. (6:2) 


nstituent items of the composite 


ights of the co! 
But, for this estimate also, the 


a limitation. 
form as given in (5.2). 
e i-th composite commodity could as 


knowledge of the we 
ential, and this is 

nated to the same 
ate of the index for th 


For this estimate, prior 
commodity would be e55 
variance could be approxi 
i Di tim 
Again, an unbiased es 

well be obtained in the form, j 
2 Wik Tiks 

ni 


k 


(6.3) 


) variable, i of the Ni; products of (wij rij) are selected 
uent items of the composite commo- 


a randon j 
of the constit 


is treated as 


Where (wir "ix) 3 
Y veights, wij: 
for the sample, and where the weig i é jh 
’ ate is 
iti El as known. The variance for this estimat 
dities are assumed as ডি ee 
N ahs Tur F (6 4) 
ৰ % ED Sl 
LIN-l i 
্‌ rs) i ly 5. 
25 ED py. Ti) IN each Kr SH 
where o% He Faden of UU! TREE 
লা IT be = T চলন Adelman (1958) : A new approach to the construction af TAGS: 
' Suggested 2 We ' ] Statist:cs, Vol. XL No. 3, 240-249. 
numbers, The Review of peonomices ane 
| 121 
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When, however, the weights of the constituent items of 
are assumed as known, a different sampling 
would be to select a sample of the constituen 
weights of the constituent items (1958). 
drawn with replacement, the estim 


all the composite commodities 
Procedure could be adopted. The procedure 
t items with probabilities proportional to tlio 
Tf, under this sampling procedure, the sample is 


ate of the index of the i-th composite commodity will be 


rin =» (6:5) 
ni i 


While sampling with replacement, 
items for price collection, may 
Such sampling 


in the given context of selecting 
ot be considered as ideal, 
Procedure has the disadv 


mended for adoption into routine pract 


consumption 
Sampling without replacement under 


antage of being a bit too complicated to be recom- 


ice. 

Inspite of the limitation coming from Sampling with replacement, formula (6.3) could 
be used, if the weights of the constituent items were known. 
amily budge 
ained from market dat 
15. 


As stated before, such 


t inquiry, but good approximation to such 
@ (1956, 1958) of prices 


Weights cannot be Provided by a f 
Weights may be obt 


and quantities sold of 
the constituent iter 


nt sampling procedures indicated 
procedures indicated in Section 6, the variance 


EN THE ESTIMATED INDEX AND THE TRUE 
Possible the deriv 


ded into a 1 


YALUET Op TIE INDEX 
থ 
In order to make 
tion will have to be divi 


commodities) 


ation of an unbia, 
umber of homogeneous 
ation (or COVari. 


Sed estimate, the entire consump- 
groups of commodities (composite 
between the weights 
commodity is zero. 


ance) 


and the price 
of each composite 


It has also been 


posite commodities, 
nt it has been possible 
of the estimated index 


Taw sum of roducts i d 
Se Products of the Weights an 
ঠি 
will Eenerally be Observed that one Or ty, ee; nat oH BG po 
Ee ME 4 Or More) of the c 
ক eo Onst 
True value Of the index is differe * ~~ k 
in the literature On ind: Y i ঠি 
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from the rest of the constituent items to merit independent treatment... When such items are 


given an independent treatment, agreement between the estimated index and the true value" 


of index will be closer. 


Tt is, therefore. clear that in respect of some composite commodities pi may not be equal 


to zero, or in other words, ( 7 LAST 
e will be equal to (Nipicwicri) Which may be treated as bias. 


are variance of the estimated index for the i-th 


Sr 
) may not be equal to an absolute. zero. 


This uncontrollable difference 
Owing to this bias, the root-mean-squ 
composite commodity will be equal to 
Ni—ni. W? 0% ks i) 
NET + Ji piowi ori | (71) 
i i 


8S. How CLOSER AGREEMENT MAY BE EFFECTED THROUGH A COMBINATION OF TWO 


OR MORE COMPOSITE COMMODITIES { 
by 2 suitable subdivision of a composite com- 
a combination of two composite commodities. 
ommodity (13) and the composite commodity (14) are com- 
be 594.00 as against 341.704-254.40 = 596.10. 
16 sum of the individual differences is 4.02. The 
£2.00. The criterion giving 


Close agreement is feasible not only 


modity, but may he feasible also through 


For instance, if the composite ¢ 
bined, the resultant estimated index will 


The difference is, therefore, 2.02 whereas th 
resultant situation, therefore, gives rise to an increased precision 0 
ision may be worked out as follows : 


‘rise to such increased prec 
Let there be two composite commodities (2.1) and (2.2), and let the indexes for the 


two be X wins and 2 wsjraj respectively. Then, we have 
$ 
Wi, Xn ন 
Sugg — HE AG ET (8.1) 
5 1 
We 2 1735 b 
SUL ONE FL Nps Tw, Ors (8.2) 
2 
—— (8.3) 


= Npowos 


 } s 
LW 2 Ws. Wit W,= WV, Ni+Ns = N, and the other symbols have 
ig ¢ 2 
the া significance. Tt can be easily shown that 

NANA —M)e—72) = +3. 
ont Nepn t Ng Ll ot i (8:8) 


Where Xi wij 


N poi cr = 
where Wi= yi 


tal sum of products (corrected) is equal 


m, that the to 
nd the sum of products between groups, 


2 well know 
{8.38) means, 85 °° oducts Within‘ groups © 


10 the sum of the sum of P yo 


d bi 
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| if stimated 
From this, it can easily be deduced that there will be perfect agreement between the estim 


index and the true value of the index if W/B =—1. There will be an improvement in pre- 
In 2 


cision upto the ratio, WB, going down to—2. 


Let us next turn to examine how the var 
two composite commodities are combined into or 
(2) are treated independently, the 


Wf cr? ১ 
b= দা r= 2 +N, Pi Tu, Tr, F4+H[Np:2 Tw, Or, J. = {8.4) 
a ny ত i i nos 


iance of the estimate may be affected when 
1e. When the composite commodities (1) 
added root-mean square variance will be 


Wi 0% 


But, when the two composite commodities 
at (n,n), the root-mean s 
commodity becomes 


are combined 


» and the sample size is kept 
dquare variance of the estimated inde: 


X for the combined composite 


22 TN. ey V2 32 M12 S.{ 
মু া t+L[Nip, ow, 0, + Nopaow, os lS (Wi — W)(F,—75)]2, 5 (8:8) 


0 7 ' -) —T 2 
Where = nn, and c2 = যন (NN; oR, + JN, o;,) + Ll ধন re), 
Comparison of (8.4) with (8.5) will reveal Whether there has been 


Tf TB =—1, the expression 
here will no contribution owing t 


any increase in variance 
Owing to the combination. 


within the square bracket of 
(8.5) will be Zero, and then ft 


0 bias. 
A word of 


Precaution is Necessary here. 
Non-judicious gro 


AU Necessary sleps have to be taken against 
Uping. Tt has already heen indicated how Non-judicious Jrouping may lead 
to a serious error (1959). 


9. ERrRor OF THE ESTIMATED INDEX CO. 


ALCULATED UNDER DIFFERENT SAMPLING 


ORS COMPARED 


ommodities of food, the number of consti- 


] f mmodity (Col. 3), the total weight (Col. 4), the average of 
the price relatives (Col. 5), the true value of the index (Col. 6) 
the constituent weights 


i.e. the index c 
+ 7) calculated on the 
between the Weights the price relatives 


om the true value 


aleulated on all 
Assumption that the corre- 
zero. The departure 


of the estimated index fr 
Col. 8. 


of the index is shown in 
The difference 


্ { a 8) represents the bias 
টু € error), me commodities and n 
ting the over-all 
Om the true va, 
index, 135.72, idered to be qui 
The correlation coefficient, Pi, 


(or what may be calle 


d the uncontroll- 
egative for others. 


The sum of all these 
departure from the true value of the index 
lue of the inde: 


X the difference of the estimated 
fe small for all practical Purposes. 


ariances of the weights 


“ Incorporated in Table 
Col. (8). 
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t of any composit ty, t ue of t i: 8 
e commodity, he val Tenc 0 
A f this diffe T 

€ iS large, it 


If, in respec 
Ei ig ডট bh দ্‌ ডলা 
which might lead to a further sub-division 


WoO! U or i 
uld call for a closer scrutiny of the situation 
of the composite commodity. 
for each composite commodity prepared from a samp! 
্‌ ক a: ample 
dom from the constituent items of a composit 
€ com- 


at Tran 
ple has been indicated in Col. (4). The sample size has b 
een 


fixed in such a manner that it is nowhere less than 3 and nowhere larger than 10 

j f constituent items of a constituent commodity is 3 or 1 all the ; Ys ru 
items have been taken into account. The size of the total sample is ig 118 টী A 
the total of 284 items. hess Ss 


Table 2 shows the estimate 
of consumption items drawn 
modity. The size of the sam 


the number 0 


x is shown in Col. (8). Col. (9) shows the departure of the esti 
alue of the index . These departures, as before, are OE 

. 4। nl i i 
Their sum 15 40.0562, which is the over-all departure 


ue of the index. 


The estimated inde 
mated index from the true V' 
e negative. 


positive and somewher' 
from the true val 


of the estimated index 
indicated in Col. (11). The sum of the 


12) of Table 1 (i.e. the total of the squares 
square variance of the estimated index 
sixth the value of the total 


estimated index is 


the total of Col. ( 
root-mean-: 
236 being less than one. 


0.4296. 


The variance for the 


variances is 0.1610, to which 
of the biases) may be added to find the 


The contribution owing to the bias is 0.0. 
variance. The root-mean-square error is 
9 the size of the sample for each commodity was chosen rather arbitrarily 
prdance with the principle of optimum 


In Table 2 
If, however, the size of the sample were chosen in acco 
ariance for the estimated index would be much 


allocation as outlined before (19569), the total Y' 


less. This has been illustrated in Table 3. 

s 115 which is of the same order as 113, the size of 

The distribution of this total size by optimum allocation 
i) iS indicated in Col. (3) of Table 3 


tional to (ori 
mmodities, the worked out size came out to be 


The total size has been taken @ 
the sample illustrated in Table 2. 
(that is, by 2 allocation which is propor 
Tt was noticed that in respect of a few C0! 

items of the composi 


more than the number of constituent fe commodity concerned. The 
ompo' nodities Was, however, restricted to the total number of 


e size for such © site comm j ict 
te commodities, gan, lis NOTES 


ems. In respect of some compos! 
commodities, the sample size has been fixed at 3 


less than ©. i 
ased the total sample Size to 11S. 


sampl 
the constituent it 
size came out AS 
These restrictions incre: 

Tt will be noticed in Tab 


y the true value 0 


ated index has come out to be 135.69 
The variance of the estimate is 
the sample illustrated in Table 3 


le 3 that the estim 


f the index by only 0.15. 
ptained for 


which is less that hl 
0.0266 which i oughly ones K Te 
66 which 15 Tot6 ট allocation will be highly potential in increasing the precision of 

y yr is 0.2241 


This shows that optin 


the estimate. 
of constituent items with probability 


knowledge of the constitent weights 
J, replacement was taken of fhe 
t weights. The caleulations 


+ been indicated that sampling 
্‌ johts, where prior 

A sample wil 
1 to the constituen 


It has alread. 


proportional 10 the con! 


exists would also lead to ity prop®! 
constituent items wit jobability P 
have been indicated in 


yr tiOna 
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Tt will be observed that the estimated index has come out as 135.36, and its estimated 
variance as 0.2525. This variance is higher than that obtained in Table 2 and Table 3. As 
the estimate is unbiased, there is no contribution by “bias.” The standard error is 0.5020. 


The results may be summarised as follows: 


লি ————_——— 
oom ————_—_———————_———_—————————__——————————————————————_______———_ "ন 


sampling nature of true value estimated variance square of root-mean- 
procedure the estimate of the index the bias stuare error 
45 in index or standard 
vrror 

table 2 biased 135.84 135.79 ‘1610 0.0230 0.4246 
table 3 biased (optimum 

allocation) 135.84 135.69 0266 0.0236 0.2241 
table 4 unbiased 135.84 135.36 2525 X 0.5020 


Fromula (6.3) which also affords an unbiased estimate was not used in the 
construction of the index, because formula (6.3) is not expected to be suitable for the type 


of data illustrated above. The estimated index will be wide away the true value with @ 
large variance. 


10. REMARKS 


The sampling procedure in Table 2 which affords the highest precision may be 


adopted into routine practice. Its main advantage is that the estimate can be prepared 
without a knowledge of weights of the constituent items. 
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TYPE-STUDY ON PEAK PERIOD IN HARVESTING AMAN PADDY. 
WEST BENGAL. DECEMBER 1954-JANUARY 1955 


By R. K. SOM, G. C. BHATTACHARYYA and N. K. NAMBOODIRI 


Indian Statistical Institute, Calcutta 


at there is much surplus population in rural 


SUMALARY. There is a general impression th 
this is still an open question, at least at 


areas of Indin: but ns Mahalanobis (1955) has stated, 
the present level of technology. The results of a Type-study conducted in five villages in West 


Bongal in 1954-55 suggest that it may be more economical to maintain a supply of labour which 
he time of busy periods of agricultural activities, even if they remain com- 


would be required at t 
maining period of the year. 


paratively under-employed in the re 


1, INTRODUCTION 

of basic studies in regard to mobilisation of manpower 

agricultural activities in the Dackground of national 

P. C. Mahalanobis “There is @ general impression that there 
Tt is possible that 


Hages, but this is still an open question. 
rge, it is needed to supply labour essential at a 
f the rice crop, or at the stage of harvesting 


lation is drawn away from the 
f the decrease in the outturn 
abour shortage is grea t contribution (ie. total 
on of food) of the transferred workers to the national income 
it would be economical. in a broad sense, to keep these labour households 
ipply the peak load of labour required for full agricultural BrOduot! ON; 

ever if they 80 not Lave other gainful work during the rest of the year. On | this view, 
! Diological balance petween the size of the agricultural population and the 
al population 


nd it is conceivable that a decrease in agricultur 
might diminish the real income per person’ 


1. Objective. The importance 
in rural areas in the peak periods of 
planning was first pointed by 
ulation in vi 
l population is very la 
f transplanting 0 
tion of the agi icultural popu 
turn of crops fib 
ter than the ne 


is much surplus pop 


although the agricultura 
d (at the stage 0 


0pS). Tf one por 
ould be some decrease in the ou 


period of peak loa 
of rice and other ¢ 
villages, there Ww 
of foodgrains du 
contribution minus consumpti 


e to such l 


then obviously 
within the village to St 


there would be a 
volume of crop production, 
(without introducing labour-s 


(Mahalanobis, 1955). 
e villages in West 


y carried out in fiv 
week in Aman 


in the peak 
selected as to represent, 


obtaining in the State. 
regardless, 


a type-stud. 


2 is note presents ES 
2. Th not ন cor utilisation 
'd measuris G 

il aa x5 The villages were 50 


. 1954 — ৰ 
a» al and occupational patterns 


on a small scale, the varying £05 ; 
তে i ১ struct 
The very nature of the study precluded bes কট 
ঢ ্ i elev 

the results could be useful in posine BEE 


for future studies. 


Bengal, with a viey 
harvesting, Decembe 


on of “estimates” proper; 
Jving the methodology 


ant questions and in evo. 


porated in 


1 Later incor 
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2. VILLAGE CHARACTERISTICS 


i ion its distribution in the 
2.1. Village particulars. The location, area, population and its distribution i 
2.1. | k y 
different livelihood classes in the five villages have been given in Tables 1 and 2. 


TABLE 1. LOCATION, AREA AND POPULATION OF THE VILLAGE! 
 ————————_—_——————_————————___—__—______________—___ 


distance eo 
vill- (miles) from area popula- number — total Lato. tdge খৰ 
district age — —  ——— (acres) tion of oceu- number ° tuge of ie ধ 
Le town railway per pied of plots paddy bee) oe 
station acre houses plots paddy 
(1) (2) (3) (4) (5) (6) . (7) (8) (9) (10) 
1. 24-Parganas @ 10 Ed 508 1.58 184 1350 54.1 GL. 
2. Burdwan N 12 7 469 2.98 370 1400 45.6 73.1 
3. West Dinajpur  C 29 37 230 0.35 19 276 59.1 57. 
#. Midnapore TT 24 104 1.21 268 3566 64.3 80.6 
5. Cooch Behar S 3 3 545 0.96 15 2007 18.8 50.5 


1 The full name of 


the villages. are : 
Daudpur (D), and 


Uttar Gazipur (@), Nandanghat (NV), Chandipara (0), 
; | Saulmurichota (S). 


TABLE 9. 


[ 


PERCENTAGE DISTRIBUTION OF POPULATION IN LIVELIHOOD CLASSES. 


CENSUS 1951 
Percentage of population in livelihood classes 
village popula- 


t 
bn agricultural non-agricultural 


f ther 
EEE of land culti- non- produe- go! rvices 
Y or mainly TE bn tion other commerce transport and 
urers  vating than iscella- 
owned uUnowned owners agricul. Aebby 
of land tural sources 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
IG 800 75.2 0.8 LS 0 5.2 2.5 0.8 3.6 
2. N 1069 3.4 15.1 12.1 0.7 8.8 18.3 6.0 35.6 
3. 0 80 78.8 21.2 ee 
# nD 1337 36.7 47.6 
- 5.2 
0.9 0.9 1.4 0.5 7.5 
§. 8 523 71.5 28.5 
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ages are given below in Table 3. 


ca, and population of the vill 
th population densities 


towns and railway stations, wi 
agricultural to mainly non-agricul- 


as been shown in the map. 


‘The descriptive location, ar 
Villages near to, and remote from, 
low to high. and means of livelihood varying from fully 


tural, were covered in this study. “The location of the villages h 


ARCA INTIGRAATEO yA 
Ar] onGAwisATion UL 
JER AE-OnGAMISAT 


percentage area 


TABLE 3. ন 
popula- 2! 
i addy under 
i sat distance fion + OEPSCCY Suddy 
village district density plots paddy 
5 ] 7 
2) 08) o (6) 
1 (2 দৰ i { ral 
(1) EEG medium medium medium mainly agricultura 
E inter! i 
NE RE termediate high low medium mainly non-agricultural 
9 on intert = 
St EV BESO t low medium high fully agricultural 
3. C West Dinajpur remote 1 El টী চা 
Wes! J] oH medium high high mainly agricultural 
4. D  Midnapore nex! EE Sh ন চা 
near 


5. S§  Cooch Behar 


3 PoPULATION CHARACTERISTICS 

A - The proportion the young age range SE 

3.1. Aye distribution. illage D (with @& high proportion of area under paddy) and 
a bes 1-61 maximum (68 percent) in “non-agricultural” 


of population in 


was maximum (49 percen 


the proportion in the working 


illa, N 
TURN 188 
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TABLE 4. PERCENTAGE DISTRIBUTION OF SAMPLE PERSONS BY 


AGE GROUP 
age-group village 
as G N [6 BD S 
(1) (2) (3) (4) (5) (6) 
1. 0—16 43.1 35.9 38.9 49.0 36.3 
2. 17—61 53.8 62.8 60.0 51.0 60.4 
3. 62 & above 3.1 B33 1.1 — 3.8 
4. all ages 100.0 100.0 100.0 100.0 100.0 
(number of sample 
persons) (65) (78) (90) (51) (91) 


3.2. Normal activity status. 
in the economy 


Worker (these four categories con: 


a person describes his position 
account worker, unpaid household enterprise 
), as an unemployed seeking 


e gainfully emploved constituting 


the labour force) or as a 
family member engaged in domestic Work, student or in other non-p 


le persons by normal acitivity st 
gainfully employed (50 percent) was observed in “‘non- 
and the minimum (26 percent) in village G. 
urned as “too young” 
ge group 0-16; the ratio of persons with 
0-16 was maximum (0.84) in village D 
“Near” village. This is indie 


atus is shown in Table 5. 


Tt is interesting to note 
Varied more than the proportion in the voung 
activity status “too Young™ to persons in age group 
and minimum (0.39) in non-agricultural village and 


ative of the different social mores obtaining in the villages. 


TABLE 5, PERCENTAG 


oD) DISTRIBUTION OF SAMPL 


TE PERSONS BY NORMAL 
ACTIVITY STATUS 


activity status 


D S 
ৰ employer — 5.1 
2. employee 3.1 23.1 7.8 15.7 1.1 
3. own account Worker 23.1 11.5 21.1 11.8 1 J 
4. unpaid household labour — 10.3 3 yj 3 Hl । 
5. gainfully employed 26.9 50.0 382.2 পৃ. 5 37.4 
6. family members engaged in 
domestic worl 30.8 28.9 
30. 28.2 32.5 21.5 
7. student 9.2 5.1 nl E 15 
8B. rentiers, Pensioners and remittance ll 5 
holders ক 1.3 5 
9. beggars, persons living on charity ll টং I 
and on ungainful activity 4.6 
10. old and infirm [1 Be. Td oy RE 
3. by b 2.0 Yl 
11. too young 26.1 14.1 27.8 4 টা 
12. total E - 
a 100.0 100.0 100.0 100.0 100.0 
(number of sample Persons) (65) (78) (90) (31) 
(91) 


roductive activities. The 


~~ 
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The shift in activity status of household members 
though small. was mainly experienced 
required in domestic work 


B.3. Shift in activity status. 
during the busy week from the normal activity status, 
by persons normally outside labour force — persons not essentially 
unpaid household labour. 
activity status, i.e., the tendency to remain in 
Indices of Inertia 


and students becoming 


3.4, As a measure of immobility in 
busy week as the normal activity status, 


The index of overall Inertia is defined as the percentage of persons having 
the same activity status both normally and in the busy week as well. The Index of Inertia 
within the labour force is the percentage of persons normally in labour force, who had the 
same (normal) activity status in the busy week; the Index of Inertia outside the labour force 
The Labour Force Entry Index is defined as the percentage of persons 
ed the labour force during the busy week. These 
6. The index most relevant for our purpose 


the same activity status in the 


Were calculated. 


is similarly defined. 
normally outside labour force who enter 


indices for the five villages are shown in Table 
is the Labour Force Entry Index. In three villages, however, persons normally outside 


labour force entered the labour force in the busy week. In “remote—low population density” 


village © the high index of 32 for females is observed, occasioned by 15, out of a total 29, 
red in domestic work who worked as unpaid household labour 


females not essentially requi 
during the busy period. 
US BY VILLAGE AND SEX OF PERSONS 


labour force 
entry index 


IN ACTIVITY STAT 


inertia outside 


TABLE 6. INDEX OF INERTIA 
labour force 


inertia within 


overall inertia 
labour force 


male female total 


village 
male female totul mule female total malo female total 

Se 2) 08) 0) 6) (6) (0) (8) (9) (00) aD) (012) (13) 
lL 100 100 100 100 — 100 100 Id io EE 
2. N 98 100 99 97 — 100 100 —- = = 
i) 8 67 81 100 100 100 100 97 98 ES 

4 f : S06 8 — 
be 2 3s 100 94 85 100 $6 100 100 100 5 8 
5 S Ss 100 98 94 — 9% 100 100 100 13 — “ 

5. 5 9 g 
4, HARVESTING DETAIL IN PEAK WEEK 
jon of peak week. The peak week, which corresponded to the seven day 
a tion of pedk Ve k ট i : 
fi s et ন t a of the daily harvested areas Was maximum, started in the last 
oe HR MEO 6 villages; no departure from the “normal” date of commence- 
ges; 


week of December in all the fiv' 
ment was observed in the district a8 


COMM 


a whole (Table 7). 


IENCEMENT OF HA 


RVESTING IN THE DISTRICTS 
HE VILLAGES 


WEEK IN T. 


TABLE 7. DATE OF 
I AND OF THE BUSY 
ks by t date of commence- 
dato of domi village ment 5 Pele week, 
istri f aman harvesting, 
district Rs 
(2 (3) (4) 
(1) লচ 
1st weok of December @ 22 December 
Ll. S4-Rosgannt 1st week of December N Ee December 
2. Burdwan ! Ist week of December [4 ন FE 
3, West Dinajput ena of November D ত ecember 
4, Midnapcre middle of November S 9] December 


5. Cooch Behar 
outlet Gazette, + 


1 Supplement to Cal 


pril 21, 1955, P- 388. 
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4.2. Man-days spent on harvesting and related operations. Of the CS Re 
for harvesting in the peak week, the Proportion spent directly on harvesting varied 
90.8 percent in village G@ to 100 percent in 
related to transport, storing, w 


“near™ village S. The subsidiary activities 
atching. supplying meals, ete. 


TABLE 8. PERCENTAGE DISTRIBUTION OF MAN-DAYS WORKED 
DURING THE PEAK WEEK OF HARVESTING BY PERSONS 
ENGAGED DIRECTLY IN HARVESTING AND PERSONS 
NOT ENGAGED IN HARVESTING 


em 


percentage of man-dauys worked 


4 number 
village directly not of 
engaged in engaged in tctal man-days 
harvesting harvesting 
(D (2) (3) (4) (5) 
1. G 90.8 9.2 100.0 303 
2. N 95.7 4.3 100.0 64) 
3. 0 97.5 2.5 100.0 £36 
4. D 97.9 2:1 100.0 573 
5. 5S 100.0 = 100.0 1201 


4.8. Man-days Spent on harvesting during the 
given in Table 5. As could 


by persons in the working 
contribution (21 percent) village ©, 
man-days worked by females was also in village © ( 
coming next with 16 percent. 


other two Villages the female 


Deak weel: by age and sex. These are 
Ce majority of man-days was contributed 
Young a. 


be expected, a larg 
ge group 17-61; in the 


He range 0-16 years, the maximum 
Was made in “remote” 


The maximum proportion. of 
24 percent), “non-agricultural” village N 
As made by females in village @ and in the 
AS very small. 


No contribution Wi: 
contribution w 


TABLE 9. PERCENTAGE DISTRIBUTION OF MAN-DAYS WORKED IN 
4 THE PEAK WEEK BY AGE GROUP AND SEX 


age groups (years) 
village 1761 5 number 


HARVESTING DURING 


all of 
above man- 

Ete lays 

male female total male female total male male female total is 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
! lr Rl — 4.7 95.3 — 95.3 ss 100.0 100.0 275 
2 246 10.8 134 81.8 4.8 86.6 = 84.4 156. 100.0 621 

8 [ 8 = RX 59:7 i971 78.8 == 76.2 323.8 100.0 425 
2 kl EL LUE, ig14 6.3 87.7 9 56 
EOL EEA 2 0 TE M00 sox 


1201 


The Percentage distribution 


h mal occupation and sex has 
al Occupations relate 


ed to farming, cultivation, share- 


and hunting. The 
“non-agricultural” 


“remote” village C and in village D 
186 


TYPE-STUDY ON PEAK PERIOD IN HARVESTING AMAN PADDY 
ee Oran: 5 be noticed .in this Table. In “non-agricultural 
ge N the majority of man-days (54 percent) was contributed by persons with normal 
The comparatively high proportion (30 percent) of man-days 
ide labour force in “remote—low population 
+ remote” village), the proportion was 12.1 
females was comparatively less. Of the 
s contributed by females was 


(with a high proportion of paddy plots) is to 


non-agricultural occupations. 
was contributed by persons normally outs! 
density" village ©, while in village D (the “nex 
YS contributed by 


percent. ‘The proportion of da 
force, the proportion of day 


persons normally outside labour 
higher than males. 


TABLE 10. PERCENTAGE DISTRIBUTION OF MAN-DAYS WORKED IN HARVESTING 
DURING THE BUSY WEEK WITH BREAKDOWNS FOR NORMAL 
OCCUPATION AND SEX 


normal occupation number 
of 
village agriculture non-agriculture outside labour force total man- 
days 
male female total male female total 


male fomale total male female total 


(0M) 2) (03) (4) Gt), 6 0) ao ay 02) 08) (14) 
EE To0:0, = 00:0: #1 


” 15.6 100.0 62 


1. iG OOO =: MOD TN 
on ios Dig AU ISSR ls 56 
8. 6; 1630; Bis 000 ONG 12 12.5 17.4 29.9 23.8 100.0 495 
ag STDs — OE Es 7.8 4.8 12.1 7.5 100.0 561 
8 1.5 99.1 Dg ==. U8 0 2.3 100.0 1201 


aining persons, other than house- 
he peak week was high-lighted in this study; the 
bers, interest holders (relatives and others 
athy) and by persons obtained on 

Table 11. In the ‘non-agricultural 
re of the man-days was contributed by 
(56 percent) respectively; the contri- 
near” village S to 76 percent 
engaged on hire was also 


) and in village ৫ (382 


4.5. Source of labour supply. The necessity of obt 

ge in t 
household mem 
ig or for SYMP 


on hire or on exchar 
Jed by 
it understandiv 
es are shown in 


hold members, 
proportions of man-days wor 
who worked on some implic 


ge in the villag' 


ages S$, the major Sha 
on exchange 
ym 32 percent in the ‘ 
bution by persons 

4. Urs 
age © (41 percent 


hire and on exchar 


villages N and the “near” vill 


(59 percent) and persons 
bution by household members ranged from 3 
j lage D. The contri 


in the “next remote” vi on vill 
bia ge? 240) density V1 
considerable in “remote-low P 


percent). 


persons on hire 


pulation 


N OF MAN-DAYS WORKED IN HARVEST- 


TABLE ARCENTAGE DISTRIBUTIO. $ 
TABLE He EG TEE PEAK WEEK BY SOURCE OF LABOUR SUPPLY 
N 
source of Jabour supply Ee 
ষ্ঠ village  — ক on on total man-days 
He EE hire exchange 
(7) 


1.6 
1G 65.2 i HEE f 1 
2; N 40.9 46.6 0.2 100.0 425 
8G 58.2 a 14.4 9.6 100.0 561 
4. DB 75.6 0: ind 55.6 100.0 1201 
CES opt NN 
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Istribution o AN - 't e T iE Ll side labour 
istri i f man-days in th peak week by local and outsic 
4.6. The distribut Al t 


i illao' Eb) A J oy t Ne 
1 =. A majo! 0 ion of the persons obtaine 
1 Tr proport 
Nn the five villages been shown in Table 
2 th il Sg has I A t Et 1 


2 aE 
i ri Ss: the contribution toware 
hire and on. exchange had normal residence outside the v illages: the ফ্লু utes 
en i 3 substantial in the villages where b 
i week by outsiders was thus substa t 
the man-days in the peak we ) 
two types of labour predominated. 


0 os ৰ ও AN-DAYS 
TABLE 12. PERCENTAGE DISTRIBUTION Sora ee DA 
WORKED IN HARVESTING DURING THE PEAK 
WEEK BY TYPE OF RESIDENCE 
 ————————_———_—_—_—_—_—_—_____________ 


number 
at ff 

village local outsider total ভা 
0 (2) (8) “0 (5) 
Vr G 94.9 5.1 100.0 275 
N 51.2 48.5 100.0 621 
3. 0 78.8 21.32 100.0 425 
2 561 
4. D I1.1 8.0 100.0 58 
5. SS 77.6 22.4 100.0 1201 

Eo oman ESE MU 


TEE neve 


abour during the peak 

The contribution by outside hired 
labour was maximum (83 percent) in village N and minimum (16 percent) 
2our at the peak period of harvesting 
S residing out! and interest holders 
YS worked by outsiders and they are 


uitment of outside hired lal 
is clearly manifest in the Table. Household member 
contributed Very small proportion to the total man-da, 
excluded from consideration in this Table. 


TABLE 13. PERCEN' 


TAGE DISTRIBUTION OF 
WORKED IN 


NMAN.DAYS 
HARVESTING DURIN 


G THE PEAK 
WEEK OBTAINED ON HIRE BY TYPE OF 
RESIDENCE 
emma 
a4 ঠ i 
village local outsider total le 
man-days 
(1) (2) (3) (4) (5) 
1. @ 83.9 16.1 100.0 87 ED 
£2. NN | Ly 82.9 100.0 363 
3. 0 54.5 45.5 100.0 198 
4 DB 39.6 60.4 100.0 81 
চ S 48.8 51.2 100.0 150 
1 The well known Phenomenon of the a NEA f 
the Study, becaus i 


TYPE-STUDY ON PEAK PERIOD IN HARVESTING AMAN PADDY 


( 4.8. The contribution by migrants on hire during the peak week by type of migrant 
(from neighbouring or distant areas), normal occupation and sex has been given in Table 14. 
In the “remote-low population density’ village C and in village G, all migrants on hire were 
obtained from neighbouring villages. In the “next remote” village D, migrants on hire 
from neighbouring villages constituted 86 percent of the man-days contributed by all migrants 
village N and the “near” village S, migrants on hire from 
distant areas contributed 88 and 99 percent respectively of the man-days worked by all 
Only in “non-agricultural village N, any contribution by migrants on 
ral occupation was made; their contribution being 97 percent, 
“remote-low population density” village ©, of the 
neighbouring villages on hire, about 17 percent 


ir force, 14 percent being made by females. 


TABLE 14. PERCENTAGE DISTRIBUTION OF MAN-DAYS WORKED IN HARVESTING BY 
MIGRANTS ON HIRE DURING THE PEAK WEEK BY TYPE OF MIGRANTS, 


NORMAL OCCUPATION AND SEX 


~ 
normal occupation 


total 


on hire. In “non agricultural" 


migrants on hire. 
hire with normal non-agricultv 
31 percent by females. Only in the 
man-days contributed by migrants from 
was made by persons normally out of labov 


type of migrant out of labour force 


non-agricultural 


agricultural 
ELCs ticles Nr REET 
male female total male female total 


My nenieniacin ET নর 7 ডা 
malo female total male female total 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11D) (12) (18) 
(1) village : @ 


Ss 100.0 — 100.0 


village 000 — MND = = 
number cf man-days—l14 


(2) village : N 


1. neighbouring 


1. neighbourin i a 

ville 1.7 0.3 2.0 Bil: BG: L0G a K 

2. distant village 1.0 1.0 60.8 25.9 86.7 — +8 25.9 87 
0.3 3.0 97.0 EN 68.5 


ww 
= 


3. total 


days—301 


(3) village : C i 


9.9 14.4 16.6 73.4 26.6 100.0 


1. neighbouring 
i HE BL 9.9 


village 
(4) village : D 
1. neighbouring 2 7: = = 86.7 — 80.7 
village 85.7 — ie DY A 8.2 6.1 14.3 
ME nt __ 93.9 6.1 100.0 


2. distant village 


abo! Sg BEL O00 
number of man-days—49 


(5) village : S 


1. neighbouring i a EF =: = =" 13 = 1 
village LB = og Fs == = ল 98.7 = B98. 
2. distant village 98.7 a 100.0 — 100.0 
.0 Le 
3. total ao — 109 লে 
number of man-days— 


ia 139 


ls) 
VoL. 22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Pants 1. 2 


4.9. Intensity of work during the peak week. . For tidying HONEY et EF 
during the peak week, the man-days worked by persons directly oe on ip 
ing were recorded in intensity classification of less than dunner; tee b ee 
than half. The distribution of man-days in these intensity classifications by lee 2» : a 
supply and the average intensity has been given in Table a Phe ee ক Ww o্া to 
low (one-third) in the near village S; it varied from two-thirds in Village ul to thr ue 1 : 8 
or more in the other villages, the maximum being in the “non-agricultural village N. j 
diluted participation of household members and the high proportion of exchange labour in 
the “‘remote-low proportion of paddy area” village © were features to he noted. 


খ ESTING 
TABLE 15. PERCENTAGE DISTRIBUTION OF MAN-DAYS WORKED IN HARVESTING 


DURING THE PEAK WEEK BY INTENSITY OF WORK FOR DIFFERENT 
SOURCES OF LABOUR SUPPLY 


Percentage of days worked with intensity 


number average 
source of labour supply 


of intensity 
less than quarter half more than total man-days 
quarter half 
0 2) 0) (6) (6) (a) + 
| 1. village : G 
1. household members = 2.8 10.1 87.1 100.0 179 0.7 
2. on hire — 4.8 8.4 86.8 100.0 83 0.76 
3. all sources = 3.8 9.2 87.5 100.0 271 0.77 
2. village : N 
1. household members — — 7.6 92.4 100.0 240 0.70 
2. on hire 2.1 — 5.0 92.9 100.0 341 0.78 
3. all sourcesi 1.2 — 6:1 92.7 100.0 504 0.78 = 
3. village : 0 
1. household members — 9.0 11.2 79.8 100.0 223 0.73 
2. on hire — 6.2 195 0.76 
all sources! — Te 9.3 83.1 100.0 419 0.74 
4. village : D 
1. household members — 2.4 53.3 44.3 100.0 413 0.63 
2. on hire পম = 30.8 69.2 100.0 78 0.72 
3. on exchange — — 58.7 41.3 100.0 46 0.63 
4. all sourcest — 1.8 50.3 47.9 100.0 539 0.65 
5. village : S§ 
1. household members 16.4 38.4 > 23.0 100.0 383 0.40 
2. on hire 8.8 42.0 36.0 18.7 100.0 150 0,44 
3. on exchange 19.2 54.1 20.6 6.1 100.0 640 0.30 
4. all sourcesi 16.3 47.4 23.1 13.2 100.0 1173 0.35 
1 Including other Sources of labour supply. 
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5. DIFFICULTIES IN CULTIVATION 

e aman season—1954. Difficul- 
ere also recorded. Out of the 72 households 
had to keep some land uncultivated in the 
In village @ the reason for this was drought! (one household), in village 
and in village 8 flood! (seven households) and non-availability 
verage labour shortage of 19 and 13 man-days respec- 
d three households in village C. 


5.1. Difficulties experienced in cultivation during th 


ig the current season W 


ties experienced durit 
eleven households usually under cultivation 
particular season. 
N-flood (two households) 
of bullocks (one household). On 


tively was experienced by five hou 


ana 
seholds in village S an 


6. DISCUSSION OF RESULTS 
Ge during the peak week, 


re and on exchax 
ighted in this Type-study 


as high-l 
mall 


Tt would thus be seen th 
ld obviously be some loss in the outturn 
that eleven 


he peak week; especially when it is observed 
e villages experienced some labour shortage during the 


season and when it is known that harvesting cannot be extended beyond an optimum period 
without loss. The redeployment of the rural agricultural HOP and She consequential 
effects merit more intensive probes than the present material would permit. Conceptually, 
the whole problem hinges on the question whether the withdrawn population employed in 


another sector could contribute to the net national product in a better Way. Tf it is granted 
that there would not be @ proportionately greater loss of foodgrains by 


withdrawal of a part 
of the rural-agricultural population, two further ques 


tions pose themselves : (a) the loss of 
foodsrains would have to be compensated by imports 50 that the question of priorities would 
Read ls ; nsidered which in its train brings in wider issues (Mahalanobis 1958, PP. 
0 be co : 
apart, the pr 


ovision of alternative, more productive work to the 
5 58 would not seem to be physically and concurrently achievable. 
that there would be a net loss of foodgrains due to the 
s more comp 


Tf, on the other hand Jom become Jicated. (The human and social costs of 
rit ia SA Joplem be : 5 0 i % 

je oe Ee | be considered in any Such discussion of alternatives). In any 
withdrawal have also to the only realistic solution is seen to be the injection 
case, on balance 0° in the sphere of small scale and household 
of investments in the rur dakeiip ] and perennial, and the 


th Seasonay 
. Nh 1 la - for i { y 3 
production, which Led ৰ so nBrOF technolog! yement for increased producti- 
simultaneous proadening © E ৰ 0: this, an essentia phase in developmental 
vity, consistent with power ial cost ation and is basically 
YY, ocial costs © ay 
5 el inimise র 9.55). 
planning, would also ™ Mahalanobis (1955, PP-52 55) 
re recomme 


th, nded 9) 
8 procedv lo ation of Cr 


labour on hi 
and distant areas, Ww 
persons who nor 


The necessity of obtaining 


On neighbouring 
in harvesting by 
out of labour force. 
ithdrawn, there wo 


local as well as fr 
ly have non-agricultural 


as also the participation 
occupation or are normally 
of population in the villages is W 
of crops due to labour shortage in tl 
out of 72 sample households in the fiv 


at if a percentage 


have also t 
14-17); (b) this question 


withdrawn population par 
], it iS assumed 
; 


Joyment bo 
cal impro 
lly transitional 
f industrializ. 


ops in the Southern districts 


Me EEE ne 
সা nd transplant: 
a of West Bengal during Aman 


TE 

Ee Owin! By - 

eo Ee areas in the Northern districts 
pil 21, 1955, 


1 Severe drought y 


Dp. 388. 
enerally taken into account : findings 


d 40 urban blocks in April- 
94 villages spread out all 
yy, 1958). 


not g' 
T2 villages an 
56, covering 


1954.55. Supplement to the f scheme © withdrawal is 
any conducted in 


ivy, 19. 


2 The inertia to pe face DEED 
and Bhattachar 


of the West Bengal Sp - 1 
a jcultura ৰ 2 
May 1954, and of ral ia (Som 


over Indi os the existence 
ndia, suggests t 141 
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NEXT STEPS IN PLANNING* 


By P. C. MAHALANOBIS 


Indian Statistical Institute, Calcutta 


INTRODUCTION 


development with the initiation of the First 


India adopted planning for economic 
a list of projects without 


At this stage, the plan was essentially 
A sense of strategy began to develop and certain broad aims 
954 for the preparation of a draft frame for the Second Five 
Year Plan. It was agreed that attempts must be made to get India out of the fear of 
as soon as possible, to lay sound foundations for a continuing 
f the national income; and also to bring about 


Five Year Plan in ISL. 
any clear unity of purpose. 
were formulated in advance in 1 


unemployment in ten years or 
improvement in the level of living, that is 0 
greater equality of opportunities. 

accepted socialism as the goal of economic policy. The Second 
w of economic development over & period of 10 or 15 years 


or more, and adopted & basic strategy for this purpose which involved a crucial change in 
Three years have nearly passed after the initiation of the Second Plan in 
cn many gains and some set-backs; and much experience has 
mind for the Third Five Year Plan which will 
te that we should now 


1.2. In 1955 India 
Five Year Plan took a long term vie 


the outlook. 
April 1956. There have bel 
been gathered. We must now prepa 
have to be started in about two years. 
teps in planning. 


e our 
It is, therefore, appropria 


consider the next 8 
DUSTRIAL DEVELOPMENTS 
useful to consider previous developments in India 
ii Ut text of the histor ) of the more advanced countries of the world. 
in the context 0 stor) চু ls ট 
The industrial revolution started about two hundred years ago in the United Kingdom, the 
USA amd tries of Western Europe where science and technology were highly developed. 
SE BOE CO e manufacture of textiles and other consumer goods. 
At first there wa The world 


y 5 j hundred years ago. 
i stri noses Started less than a h g 
The use of steel for industrial purpose: gai et UE ৰ 
চী illion metric ton im 1870, and reached 4.5m. Ons in 
1 of steel was less than one millio Ff 


productior Tn 1870 UK and Germany were producing about 200,000 


1880 and 28m. tons in 1900. a Toss had just started. By 1880 UK and USA reached 
in 1895. These countries 


REVIEW OF IN 


ig this it will be 


2.1 Before doit 
ry of industrializatior 


s expansion of th 


tons per year and USA an te devdl dn 1885, and France 
5 a - 2d this % ডঃ সা 2 Rt 
1.3m. ton and Germany SOE ] of living indicated by per capita income 


and had @ high leve 


ized Kt 
erson per year 


1 or D (at current dollars for 1955 and 1956) 
ars P 


duction of one million ton of steel per year. Health 

jth the munber of physicians ranging between 
Developments were fairly rapid from this time 
895, UK 5m. tons in 1900 and 


e further expansion. of health, 


were already industrial 


of from 400 to 600 US do a 
at the time they reached the level of P' 


ys “ veloped Ww 
and education also Were fairly W ell develop 


Pe ps f DO ulation. K 
s 8 Ge tot Eon Germany 4m. tonsinl 


a PCE 4.3m. ton স 5 A 
dn ew in 1913 During this pet jod there was Son 
‘ance 4.7m. tol টে 


Nati aT Institute CF Sciences of India by the President, Professor 
Natio: 


* Anniversary + 1959 K 
P. C. Mahalanobis on 20 IEEE it a: are given in Table 8 in the Appendix. 
of ste 


1 Data on production 
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i i e previous tr' 1 An 
education. and research which was broadly in accordance with the previous trend. he 
j s a turni int in industria 
tput of 4 or 5 million tons of steel per year usually makes a turning point in industri 
ou [ y k ) otek ote 
progress. At this level it becomes possible to establish comprehensive nanufacturi হ 
i 1 i i 1 i TOS ‘ d > 1C 
CODES of steel, heavy machine building and heavy electrical industries, and chemicd 
engineering. 


2.2. Japan had started producing steel just before the First World War and reached 
one million ton in 1923 when Japan's per capita national income was still quite low and only 
125 US dollars. Health and education in Japan were, however, as highly developed as i 
the advanced countries of Europe and America. Japan reached 4.9m. tons in 1935, that is, 
in 12 years. It is important to note that modernization in Japan had started Sn a 
years ago with the Meiji Restoration with deliberate emphasis on health, education, scienti- 


fic research and industrialization. Japan, for example, had made primary education free 
and compulsory before UK. 


2.3. Russia had reached the production of about one million ton of steel as 
early as 1895 but was quite backward in education and health with 1.6 physicians per ten 
thousand of population and with only 3 percent of the population in primary schools. Owing 
to war, revolution and civil war production in USSR had decreased to 0.6m. ton in 1923, 
but recovered to 4.9m. tons in 1929 by which time education and health had also developed 
in a remarkable manner approaching conditions prevailing in the more advanced countries at 


corresponding epoch. China started very recently with 0.6m. ton of steel in 1950 and rapidly 
reached 5m. tons in 1956 and 10m. tons in 1958 


2.4. Until recently industrial developments in India were taking place rather 
Slowly and in a somewhat imitative way of the earlier history 


and America in which we can distinguish four layers or phas 
comes consumer goods which can be established fairl 


machinery. ‘The second layer is the production of electricity, steel and other metals: this is 
highly capital intensive and requires large imports of machinery and also an appreciable 
amount of time. Next is the manufacture of heavy machines, heavy electrical apparatus 
and chemical engineering (for the production of ir 


: dustrial raw materials). ‘This usually 
requires @ much longer time but, once established, would enable a large part of the capital 


and producer goods being manufactured out of domestic resources. Even more basic is 
the expansion of health, education, Science, 


k Yt and of scientific and technical manpower which 
takes practically a generation to mature. ll | 


of industrial growth in Europe 
C5. On the top or the surface 
Y quickly with the help of imported 


2.5. Following the above pattern only 


\ ১ upto the first phase of consumer goods, 
India had become the second biggest producer of textiles in the world and had also developed 


1 j lm t however establishing the basic industries 
like metals, heavy machine building and heavy electricals. 


) In fact, in India, the production 
of steel had remained basically at a little above the level of one million ton after os half 
@ century of the beginning of the industr 

\ stry, although the country has ver POE T° 
iron ore of the best quality. l ফা সশ 


The economy w i 

3 £ Y Was developing only very slow! i 

of immediate demands and supplies wi ” Als i on the 
; TC was compa- 


ithout any long range view. 
ratively little development of health, ন i ঃ ation to th f th 
0 the size 0 e 


the manufacture of other consumer goods withou 


k H education, and Science in rel 
country and its population. 


stic a লন শাল চর 
in HE AoE C5 of development is Eiven for selec 
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GAINS IN THE SECOND FIVE YEAR PLAN 


Second Five Year Plan which marked a 
h the old way of thinking. Tt was realised that umemployment and poverty 
through rapid industrialization. It was not enough to expand the produe- 


[t was necessary to increase the supply of energy 
It was realised that 


as possible, 


3.1. There were important gains in the 
radical break wit 
can be cured only 
tion of textiles and consumer goods. 
and of machinery and tools of production to create more employment. 
a big country like India was to establish, as rapidly 
and heavy electrical industries and chemical engineer- 
ital and producer goods of all kinds and 
out of domestic resources. This is the 
and energy, with which we can create 
s0 that the total production 


the only way to do this in 
the basic steel, heavy machine building, 
ing. This would make it possible to produce cap 
thus expand industria 
only way to secure ince 
more employment and 
ountry Can rise rapidly. 


1 investments increasingly 
reasing supplies of machinery 
also can give the workers moré machinery 
in the ¢ 

nust be given to the establishment and expansion 
) the basic industries would, of course, give rise 
In India it is possible 
onal way or 
as possible. 


2, In India the highest priority 1 
Large investments i 
to an increasing demand for food, cloth and other consumer goods. 
able to meet this demand by setting idle hands to work in the traditi. 
le industries to prod 1 other necessities as much 
0 create much empl 


3 
of the basic industries. 


and desir 
in small sca 
This would als 


uce consumer goods anc 
oyment all over the country. 

in India the production of an agricultural surplus 
grow enough food and fibres for 
, the form of either indus- 


are completely inter- 


iated that, 


3.3. It was appree 
It is no 


zation. t only essential to 


tis also necessary to produce a surplus ir 
e and manufacturing industries 

advance of both. Advance of one step in agri- 
step in manufacturing indus- 


supply of fertilizers 


key to industriali 
equirements but i 
In India agricultur 
yends on the 


is the 
our OWn T 
trial or food crops. 


locked. Economic pr 
pply food and rav 


in its turn, would 
y in the promot 
The importance 
raditional and 
ed that land re 
5 for increasing 


ogress def 
for advance of one 


on and increase the 
which would lead to further 


1 phase of production, 


v materials 
1 speed up irrigati 
ntific research, 
cred or diffused 
es, was broadly appreciated. 
zation of village co-opera- 


culture would su 
trios which again, 


ici i ' scie 
sticides and help ion of 5c 


of the: scatt 
small scale industri 
form and the organi. 
agricultural production. 


and pe 
advances it 
both in agricul 
Tt is also being Incl 
tives are urgent and € 

3.4. The Second 


ment in @ general Way. 
pity to atom 


to give high prio 
manufacture of heavy electric 

i $1 i + OWI. 
establish oil refineries of our ow! 
facturing complexes. 


3.5. There were, 


1 agriculture. 
ture and in t 
easingly realis 
ssential need 

of economic develop- 


pted the above strategy 
5 million tons; 


uction to about 
chine building industry and the 
ing for oil exploration and to 
eveloping large manu 


Plan ac 
ed to expand st 
establish a heavy ma 
lop prospect 
able to start d 


Five Year 
Tt was decid eel prod 
to 


ic energy: 
also to deve 


als; and 
India would be now 


set-backs also. An acute shortage of foreign 


econd Plan which it 
ols and instrument 
f the Second Plan. The shortage of 
my Anniversary 


gaps and 


f the S ) NY opinion was not in- 


s of planning and also 


currency oceurr 
escapable but Ww 
partly to lack of pro 
foreign currency cred 
Address last year. The remedy 
capital and producer goods incre a 

45 


f the strategy © 
I discussed t 
n hands beca 


his question in 
15 in India we can manufacture 


asingly ou pestic resources, once the basic 
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industries are established and developed. 
of foreign currency would be by 


[ Parts 1&2 


Therefore the only radical cure of the Shortage 
building up the basic industries as rapidly as possible. 
’ Capit: Ss and 
3.6. Foreign aid, especially in the form of long term loans for capital voods bi is 
itical i Sts ww 2.M.S. Blackett 
technical personnel, would be of critical importance at the stage of what P.M.S. Black 


has called “assisted take of? in industrialization. Indefinite 
neither possible nor desirable. 


abroad would not be of much hel 
chief source of capital formation 1 


more resources is admitted and 
advance 


reliance on foreign loans is 
inui 1 short-ter ancinl loans from 
A continuing stream of short term finan g যা 
DP in the long run and may make the position worse. } 
Heer 
Must be domestic savings. Fortunately, the need of raising 
ion i i i iS rear lJ able 

gradually action is being taken in this regard. One nota 


F- z a ap Wi t AX ON 
© Was the acceptance of the principle of an expenditure tax together with a tax 0 
wealth. 


3.7. Inthe highly dev 
looked upon as “regres 
pected to be run on 
being 1 


eloped countries of the West, t 
sive” as being a burden on the poor. 

@ no-loss no-profit basis. 
ealised that in an Uunderdevy 
purchase tax on commodities or 
methods to raise TesOurces. 


and contribute increasing 


Axes on commodities are usually 
Public enterprizes are also ex- 
Fortunately our outlook is changing and it is 
eloped country like Indi 
a levy on ser 

It is also agreed in 
returns for 


@ excise and customs duties, 
Vices would be convenient and adaptable 
principle that public enterprizes should carn 
Purposes of national development. 

3.8. question of scientific and technic 
ceiving increasing attention. 


The subject is being studied at a technical level in the Division 
of Perspective Planning in the Planning Commission. 


A Standing Committee of the Cabinet 
has been set Up for manpower: and administrative units have been established in the C 
Government and in the States. 


It is encouraging that the 


al manpower is re- 


central 


Wpaxxnssns IN PLANNING 


Tt has set pro- 
Ster. There are, 

4.2. Review of indu: 
economic develo 


5S Shown that there is 
developed 


@ close co. 
2 and educ. 


Hexion between 
(Some 


ation. relevant data for both 


oe in the Appendix). In 
55 teous progress of i Stri > i 

, Ra Bs সা Re Fe industries and health, education 
million tons but there i f 


» educ 
ch the critical le 


ducation and scien. 


was and 


with industrialization. 


Ward in health, e 5 million tons Dut is stil 


Steel pr 


06, 1 back- 


tee points i i 
Points in some detail T shall refer to another 
Ady increase in employment 
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INCREASE IN UNEMPLOYMENT 


a ail Tee sb El CE ESD Unga s 2 Ue Lee 
J er, SV j rends in the number of applicants ir 

Exchange Registers in Tndia for which some data are given in Tables 4 and 5i LE 
Tt is disturbing to note that the total number of persons registering in iG oe ne 
more than doubled in five years between January 1953 and Deceniben 1957 iy 5 5 
noting that the Labour Exchanges can find employment for only a EE a ay ee ৰ 
number of applicants for each notified vacancy increased steadily from 23 3 না en 
year, to 33 in 1957. Also as all notified vacancies were not filled by SDSlGmLG Ee RE 
by the Labour Exchanges, the number of applicants for each effective Hlacement ses 1. 
40 in 1947 and had steadily increased to nearly 51 in 1957. That is, the Labour El i 
can find employment for only two persons or less out of every hundred EE 
average. This is not & criticism of Labour Exchanges but simply an indication of ihe a 


baclk-log of unemployment. 
This back-log differs in different occupational categories for which some infor 


4. The ratio of applicants to effective placements increaesed in prac 
7 The greatest relative incr S Rs 

g ativ eg case oceurred among those 
In 1957 there was only one effective 


ত 
io 


mation is given in Tabl 
tically all categories exce 
seeking education,” “clerical” and ‘ 
placement for 36 applicants seeking educa 
unskilled jobs. It is clear that the size of th 


fresh seekers of employment who joined the labour 
A much bigger plan is essential to get rid of the fear of umemployment. 


5.3. In my Anniversary Address last year I gave some information on unemploy- 
i l L Nati TOV a Bb 

ment and underemployment obtained through the National Sample Survey. T explained the 

difficulties of measuring underemployment and stated that there was scarcely any doubt 

that 10 or 12 million persons in India were unemployed or severely uHdGBIGyEN Gd 

ly i চা A 95 or 30 million if ¢ sideration is ext * 
that this figure might rise to even £0 | od is extended to those 
Who were sitting idle for more than half of their nor mal working time. Thad drawn atten- 
© ন es 

tion to the fact that about 10 percent of educated persons (matrieulates and above) were 
Gs E J! 3 JU | hl * 5) 

Hat this number Was likely to rise. The evidence fi i 

probably unemp’o: that t borate, UG Gi TANGY 

Exchanges would seem broadly to comodo 5. 
ond Five Year PI 


5.4. Itis clear tha 
the new seekers of employment. 
s especially in wuban areas. This is 


ng educated person 
sion to be drawn is that the Third Five Year Plan 


pt in “others 
‘unskilled’ jobs. 
tional posts; and one for 75 seeking clerical or 


e second plan was not big enough to absorb the 
force through the growth of population 


an has not succeeded in absorbing, in 
Tt is also likely that umnemploy- 


arge numbers, 


sufficiently 1 
crease Amo 


ment is continuing to 1 


; lus 

a disturbing Sign. The only cone J 

must b ] Hie er in Size than the Second Five Year plan. Tt would be remembered that 
SSmUDh it was visualized that net investments should reach Rs. 9,900 


ive Year £1 
OS s round off the figure, and adopt Rs. 10,000 crores as the 


d Plan. 
in the 


in the Second 
crores in the Thin 


target for investment 
HEALTH 


ave indeed a dual role. These are no doubt 
vel of living and, in this sense, are fruits of national develo 
of health, education and research are of basic bn HTD 
I shall first consider health. 


6.1 Health educd jon &nd research } 


significant constituents 
VAT 

ment. On the ohter $ 3 

trial and social progress. 


in bringing about indus 
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7 icians gl a little less than 
6.2. In India at present there are about 70.000 physicians of whom a শা | 5: লা 
a র্‌ ls 37 e licenciates with four-yes 
half are trained at the University level and about 37,000 are licenciates ll না 
Kk ibuti iy 'S by level « ualifice 
training in junior medical schools. The distribution of doctors by level and q 


3 Y ‘tors i lia as a whole 
and state of residence in 1954 is given in Table 6. The number of doctors in India « 


i ici ia ' PTSONS On an AVerage. 
is about 176 per million of population or one physician for about 5700 persons on an a i ন 
] [ টা 1" EN 0 MN) Jer Ml ( 
The number however varies widely from one state to anot her, from over GC | 


ini 7 i Sever : ‘C Serious is 
(or one for 25,000) in Rajasthan and Manipiir. What is, however, much more s 
that most of the doctors reside in urb 


rural areas (with a population of 


St is kro f BTC 
doctor for 30,000 persons or more on an Average. In some rural areas it is known that the 
is only one qualified doctor for 50,000 or 100,000 persons. 


ad rs Tesidi in 
an areas: and the total number of doctors residing i 
bh iS 7 ONGC 
about 330 million) may be below 10,000 that is, only 


6.3. An important committee on health 
Bhore Committee from the name of its Ch 
mitted in 1946 that “no individual should 
to pay for it.” This Committee 
remains unimplemented. 


and medical care (popularly known as the 
i Y its report sub- 

airman) stated in the foreword to its report Bn 

fail to secure adequate medical care because of inability 


had prepared a long-term programme most of whieh still 


6.4. There is no differ 
care to all who need it. In India, unfortunately, in k 
of a somewhat Superficial imitation of the most advanced countries of Europe and America. 
Junior medical Schools were abolished after independence on the v 
cannot be allowed to have anything less than the best. 
number of University trained doctors and 
Standard of the rich countries of the 


ence of opinion regarding the desirability of providing medical 


Some respects we are still at the stage 


iew that our countrymen 
And yet to provide a sufficient 
al and medical services upto the 
ly impossible at present. 


adequate hospit 
world is absolute 


Tugs are both extremely scarce in India. Doctor's fees and the 
which keep these beyond the reach of most people. The extreme 

of expenditure on medicine and medic 
e of expenditure on the 


al services can be appre- 
the Chart in the Appendix) for the bottom ten percent, 


Se items, shown below (and also from 
the lower half, and the top ten percent 


cumulative Percentage of expenditure on 


Rou medical services | medicine 
USA1 Indias India? Indias 
1950 1955 1952 1955 
01) (2) (3) (4) (5) 
Hain 10 pe Percent share of expenditure* 
(lower half) 50 ys +a 7 ee 
top £0) 19 64 45 56 
1 USA 1950: Studies 
2 India 195 1 SEE 


2: National Sample BE Expenditure 


3 India 1955: National S, 


: @ (Urban 
is by aioe ্ Ay-November 1955 : All-India (Rural). 
of expenditure of households for Indi 1952 ome ডন households for tho USA 1950 data; by size 
1955 data. The merican and India: ‘end by size of expenditure of perso ‘for India 
RigorouE way but the road picture lee are therefore not comparable in EG letely 
aro’ far more concentrated in India, showing that expenditure on both medicine and medical GBVICe 
for medicine and medical services, Theo er er লে only the Very few rich who Can afford to pay 
Same way; and show that the distribution f ex oot India 1955 have 
ted, that 18, medical 


Ry bi been, howeve , 
More scarce thar m. eo ical Servi 


edicine in rural 
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6.6. The above Table gives some similar figures for urban areas in USA in 1950 
able it is seen that the bottom ten percent of American house- 
e on medical services incurred by all households; 


of the bottom ten percent of rural households in India is negligibly 
small and only about 0.1 percent. From the second line it is noticed that the lower half of 


American households share 37 percent of the total expenditure while the Indian households 
We may also look at the top. Ten percent of the households 


are of 19 percent of the total while the corresponding Indian 
households at the top have 64 percent or nearly two-thirds of the total expenditure on medical 
services. The position is almost as bad in the case of medcine. In India the lower half of 
rural households share only f the total expenditure on drugs, the corresponding 


figure for urban households beir 


Looking at the first line of the t 
holds share five percent of the total expenditur 


the corresponding share 


share only 6 percent of the total. 
at the top in America take a sh 


8 percent 0 
ng 9 percent. 


that in countries with free and universal 
in principle, receives essential medical 


ivate medical practice is permitted and 
be incurred by the 


6.7. It may be pointed out, at this stage, 


UK and USSR. every person, 
Tn both countries, .AS pr 


ket, some medical expenditure may 
ch and the poor s0 far as the 


health services like 


services and medicine. 
ased in the mai" 
0 discrimination between the ri 


poor either free of charge or at a very small cost. 


drugs can be purch 
heir own, but there is 1 


rich on t 
ailable to the 


medical care is av 
suggestions for consideration for the Third Five 
ntroduce training extending over, Say, 


rorkers who would be prepared to serve 


d like to make a few 


T think it would be wise to reir 


3 years for @ junior type of doctor or auxiliary health p 50 
a modest allowance of say something like Rs. 1,000 per year W ith permission 
a 


tice within certain limits. The training cost would be possibly one-fourth 
a fully qualified doctor. The pay or allowance would also be one-fifth 
hich would have to be given to @ university level doctor. The cost 
ctor may be thus five times cheaper. 


6.8. I shoul 
Year Plan. Firstly, 


in villages for 
for private prac 


or one-fifth of that of 


or even less of the pay W L 
aining @ junior do. 


of training and maint 
ing at a junior level would also be feasible 
There are about 400 district hospitals, 


es for junior doctors; and 


nh of medical teach: 
t the university level. 
serve a8 training centr 
95 trained persons each per year which would 
nie Te . year after the scheme is in full operation. This would 
a Ags for a group of ten villages in roughly half a million 
ন fully qualified doctor may be placed in charge of about 
able to give Some attention to the more difficult cases. 


The organisatior 
scale than @ 


additional facilities, can 
ple to turn out 


6.9. 
on a much larger 
which, with some 
which, on an average, 
supply 10,000 junior doe 
make it possible to have, one 
villages in eight or ten years. 
five junior doctors; and should be 
ovidin: hospital and other health services would also have to 
6.10. The cost of Prove দ লা can afford. The cost of construction standard and 

KE country like India; and, secondly, by 


hich the CON hl 
be brought to # love Ee appropriate for a poor 
uld be Tt is also necessary to develop rapidly the 


specifications HIG plic construction. 
improving the efficiency © Por ] goods and also to establish factories for the manufacture 
al 9 2 


manufacture of drugs # 


——_ bution of consumer expenditure on other items like foodgrains; 
11 V- i a |; ja 9 E 
1 Similar figures for t 8 and medical services are given in Tables 12, 13 and 14 in the 
CALLOTs 
all food items, cloth, Sugars edu 


Appendix. 
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of machinery for this purpose. 


There, is of course, 
fuller exploitation of our own n 


nced of more systematic research for a 


atural resources for medical and health purposes. 


6.11. Finally, it seems to me it would he Very wise to initiate a truly national HRN 
Service, even if this bs in a skeletal form, during the third plan period. The EUS in 
the first instance should be on establishing a large number of small village units which would 
provide essential medical and health service to the villages and 
centres. This is the only way 
control effectively. 


also serve as family planning 
in which there would be any real ch 


ance of promoting birth- 
This is a matter of great import 


ance and Urgency. 


Epvcariox 


7.1L. India is backward in education generally. Some comparative information 
is given in Table 7 for selected countries. In most advanced countries there is practically 
10 illiteracy; and in China also the position'is improving rapidly. India is still far off fon 
universal and compulsory primary education. In India the number of illiterates (in- 
cluding both males and females) was 83.5 percent of the population 


of 1951. The National Sample Survey indicated that there w 
illiteracy to 82.5 Percent of the population as a whole in 1955. 
Primary schools in India was about 60 per 1000 of popul 
1955, 144 in Japan in 1956, 125 in USSR, and 154 in US? 


according to the Census 
as only a slight reduction of 

The number of students in 
ation in 1956 against §7 in China in 


7.2. The position is quite different 
per 1000 of Population at the Second: 
Corresponding figure 7.4 in China in 1955. 
badly with 38 in USSR in 1957- 
university and equivalent lev 
Population which can comp. 
Germany and 8.5 in France. 


at the Secondary level. India had 23 students 


el in 1956 which was three times higher than the 

Also, the Indian figure does not compare too 
58 or 48 in USA in 1955. The number of students in the 
els in India is remarkably high with a rate of 1.8 per 1000 of 
are favourably with 0.5 in China, 1.6 in UK, or 2.5 in West 


ary lev 


ation comes out eve. 


n more clearly if we adopt 
Ase for comparison. 


Tor every thousand students 
4 at the Secondary level in 1956 which was much 
of 84 in China, and also higher than the pro- 
(300), and USA (812). The 


per thousand students i 


gainst 5 or 6 in China, 15 in UK 2 
France and 47 in Japan. Only USA and USSR 


5. Indiais Weakest 


at the primary 
he world. 


India has a much 
If however, the number of 
a has Proportionately larger 
anced countries 0 


5 of the world including USA 
» Also, India has 
and has a Proportior 
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det It is important to note th £Ner t expandin, t 
| a hat higher ed i uite 
rapidly in rec FEATS. QS g ucation in India has been P i Te 
ecent years. Some relevant information is given in Table § which the enrol- 
ent of students by level of education, subj il D0-, 
ment of f at 2 ects, and sex in 1950-51 and 1956 
LJ 56-57. It can be 


Seen from this table tha ) Ee by 
table that the total enrolment at hicer levels (from intermediate to post-graduat. 
A ( t p 

k gE € dia uate 

and Cequlv alent courses) was about 400,000 in 1951 and increased to about 780,000 in 1956-57 
that is 4 mber oubled in six years can urther no Nat the larges 
is, the number had almost double X Tt can be further ted that t] t 

“ ge 


crease had taken place a 1C 1 1 a b y. Was relatively greater 
iL ) : at t termediate leve. On the w' t 
: level. h hole, there t ft 
incr liat | ly 
5 


expansion in arts, co. # i 
mmerce and law comparect to CE 
SCI! a :C11 
t includin: di 
| 2) LE e 


and veterinaries. 
7.6. The outturn of qualifi i i 
ed persons a, at inter! i i 
| : L f দি India, at intermediate and higher levels 
more or less, kept pace with the i se i 
৷ ncreas খু 
Relevant data for the period 1951-1956 ar iven in T' ] ies 
|! 951-1956 are given in Table 9 i 

কল | g able 9 in the Appendix. There was 

ever, a good deal of wastage. On the whole, only about half the candidates who PEC 
at the examinations at the higher (university and equivalent) levels succeeded in passing these 
examinations. ‘The proportion of successful candidates was the lowest at the intermediate 
stage (between 42 and 46 percent). Relevant figures on nimber and percentage of successful 
HH 1 i প্‌ 
candidates are given Table 10. Large percentages of failure give rise to much frustration 


and to much waste of time, 
nteresting information can 


also showed a large increase and, 


money and effort. 
be obtained by examining the number of 


e number of matriculates for which relevant 
cd from this table that for every 10,000 
enrolled for courses at the intermediate 
passing the appropriate examina- 
he enrolment at the degree levels was 3,319 in 1954-55, and 
1956 was 2,364. The enrolment in post- 
1 that for every 10,000 candidates who 
Jk up courses in Science and 


7.7. Some i 


students in higher cov 
given in Table 11. 
1952, about 6,750 had 


about 4,400 succeeded in 


mses in proportion to th 
statistics are Tt can be notice 
students who matriculated in 
53 out of whom 
1954. T 
o years later in 
It may be noted 
30 percent too 
less than 12 percent proceeded with 
ence, technology: medicine and veterinary at the degree stage. 
less than two P aduate courses in science and technology. 
eis poor for a and technical personel at 


level in 1952 
tions at this level in 
the number receiving degrees tw 
graduate couw'ses in 1956-67 was lL, 
had matriculated in 1952 only 2,920 or less than 
technical subjects at the intermediate level; and 


agriculture, 
ercent took post-gr 


courses in sci 
rapid expansion of scientific 


Finally, only 156 or 
The educational bas 
higher levels. 

7.8. Higher edue 
vjtish pattern. 
als which are 
1d window dressing. 
equately prepared for 
are often obliged to do & good 
py and laboratory facilities are often poor. 
universities are not entirely satisfactory. 
ries of the world there are usually good opportunities 
udents who come out of universities and other higher 


for i ent for the st 
productive em ployment i Se Oe is 4s £ 
instituti 1 rs lia the position is entirely different. Only a very small proportion receive 
ULIONS EE 8 cEIV' fl ig 
LILLONS. n India A very large nu receive W hat is called general 


Vocatioy © fessional Fraining- 
ial or profession | Bn 
' গ nake them fit to undertake 


education which does not 1 oven 
= Me: 
As I have already mentioned, unemptoy 
T5L 


leveloped to @ great extent in a somewhat imitative 
0 however entirely different 


conomic conditions ar 
UK sometimes necessarily degenerate 
often have very large numbers 


University and college 


ation in India < 


Social and € 
realisable in the 
Indian colleges 


higher education. 
deal of part-time outside work. 


It is not surprising 


way on the Br 
in India. Academic ide 
into superficial imitation a1 
of students who are not ad 
teachers are poorly paid and 
Classes are very big, and libra 
that conditions of work in the 

7.9. In the advanced count 


mber 
any particular productive work 


among educated persons in India is increasing 
ig. 
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ক S -eakness in 
i 7? ustrati iscontent. ‘The greatest weakness 
This is creating a great deal of frustration and discont g 


i xlucation « ational needs 
India is the lack of an organic relation between the system of education and nation 
for economic development. 


7.10. A radical reform of the educational system is a most urgent next step in 
planning. It is necessary, to turn out an increasing number of SUINY tnained personnel 
to meet the increasing demands of an expanding economy. The first thing in i 
must therefore be to give appropriate vocational and professional training ig wold 
make graduates of higher educational institutions qualified to undertake Produative oa: 
of one kind or another. ‘This is not in any way incompatible with what is called genera. 
culture. In fact, the two can very well go together. Dr. Zakir Hussain in his Patel Memorial 
Lectures has recently given a most illuminating exposition of this theme. 


PLANNING FOR SOCIALISM 


8.1. At this stage it is desirable to recall that in India socialism has been declared 
to be the goal of economic policy. It is quite proper not to try to give any rigid definition. 
And yet it is essential to have some clear understanding in this matter as a guide to action. 
In USSR, China and other countries in which socialism of one form or another has been 
already established, planning is considered to be an essential requirement for economic and 


Social progress; and the aims and objectives of planning are settled in accordance with the 
principles of socialism in the accepted form. 


In other words planning in the socialized 
countries is an instrument of socialism. 


In India the position is different. Socialism has 
been accepted as the aim but has not yet been established. 


Tt is, therefore, important to 
examine the relation between planing and socialism. 


8.2. Many different ideas have been associ. 
different countries and at different times. TI shall select three ideas which have special 
relevance to our problems. 


The first is rapid economic development through full utilization 
of the resources of the country. This was the object for 
in India and should continue to receive full attention. 


mention is removing progressively large dispar 
third is fostering equality of opportunities of 

8.3. The distribution of wealth, incom 
‘The number of persons who pay income-tax 
Multiplying by five, (which is the avera, 
of persons in. families paying income-t 
nearly 400 million or appreciably 
and influence in India is thus extremely small and 
percent of the whole Population. Facilities for 
higher education is probably almost a monopoly of this privileged class at the top. The 
inequality in the distribution of expenditure on educational Service Rl 
accompanying Chart and Table 14 in the Appendix. 
households in India have a share of less 


and the lower half (50 percent) 
have as much as 36 percent. 


ated with the concept of socialism in 


which planning was established 
The second idea T should like to 
ilics in wealth, income, and power; and the 
all kinds for all the people of India. 


€ and privileges is extremely unequal in India. 
is of the order of five lakhs or half a million. 
Ee number of persons per household) the total number 
ax would be about 2.5 million out of a population of 


less than one percent. ‘The cl 


ASS which has some money 
Possibly forms not more than one or two 


education being both scarce and expensive, 


5 can be seen from the 
The bottom 10 Percent of rural 
the total educational expenditure 
ent only; while the top 10 percent 


who ]। Et even the opportunity to learn 
complete the brimary stage cannot join Secondary schools; 


e level of income at 
2500 and Rs. 4200 per year 
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this level has fluctuated between Rs. “which ‘ncome-tax becomes chargeable 5 
In recent years. 
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many who complete the secondary stage are unable to go to instituti f hi i 
on account of poverty. The same process of SClOGHOLS on the Veith Tr 
parents, continues at all levels of higher education. Finally it is only the EEE ts | 
can send their children abroad for higher training and education. p bE” 
S.4. Inequalities in medical care result in a larger number of deaths among the 
Inequalities in educational opportunities have a deeper and more TN 
some extremely able students succeed in securing scholarships upto 
By and large, it is rich people who have 
ation required for posts of influence 
having such training are selected 


poor people. 
effect. It is true that 
the highest level but their number is very small. 
the opportunity of giving their children the type of edue 


and responsibility in the country. By and large, those 
for posts of responsibility on the strength of their higher educational qualifications. In this 


and privileges of a small group of people at the top tend to be not only preserved 
In both public services and organized private enterprizes practically 
er ave held by persons belonging to the same small privileged. 
al group of people who naturally desire to maintain 

During the British period many of the influential 
al change bécause they were afraid of losing 
that there are people in India 
similar fear of losing 
al opportunities 


way the power 
but strengthened. 
all posts of influence and 
class. ‘This has created 


their privileged position 
nthusiastic ab 


pow 
an influenti 
and power. 
out the politica 
ay it is not surprizing 
a rapid economic progress out ofa 
emove barriers to education: 
ch a sound foundation can be 


people were not © 
their own privileges. Tn the same W 
Lot enthusiastic about 
Tt is necessary to 1 
“This is the only way in whi 


today who are 1 
their privileges and power. 
to overcome such difficulties. 
ialism in India. 


laid for democracy and s0¢ 
EDUCATIONAL REFORM 
ation entirely free and also to ensure 
tional opportunities on account of 
ls of educations; but iti 


ake educ 
ed of educa 
this at all leve 
As a first step, it is suggested, that 
ty and equivalent levels during the 
al types of action. Firstly, 
rect contribution 
e would have 


9.1. ‘The only real remedy is to m 
udent would be depriv' 


that no deserving St i 
poverty. It is no dor and desirable to do 
may be too difficult @ 
this reform should be ¢ 
period of the Third Five 
all fees at the university leve 
from Government by equal amount. j 
to be provided by Government to enable eV 


11 higher et 
the whole period of his study in hig 


1bt necessary 
to undert 
igh at t 
This would call 
to be abolished by 


ake immediately. 

he universi 
for sever’ 
+ increasing the di 
h financial assistance 
udent being maintained during 


ational institutions. Thirdly, selection for 
y on merit. Fourthly, it would 
and external examinations 


task 
arried throu 
Year Plan. 


| would have 
Second. enoug 


ery deserving St 


luc 


ce made entirel 


ld have to b 
r5€s, 


] 2 । 
ad ER 5 হু Jucation WOU 
admission to higher eC!” ing Classes: correspondence cou 
e evening hioher education to those who are unable to 
5 


ide opportunities for Ee of oper door as a SnfSpuadrBgalist 
id als ithin @ strictly controlled system of admissions. 

for constructive work for the nation which 
ars fOr all ho are admitted to higher educa- 
y institutions. This is not the occasion to 
riefly to consider some of the implications 


be desirable to institutt 
On a large goale’ tO prov 
attend the day-classes an 
rigidities and defects whic 
Finally, it would be desirable t 
Would be obligatory for one yd from suc 
tional institutions or 
Sive any detailed scheme : 
of the above proposals. total enro ent in higher edu 

9. We have 0 in 19560- 7, ‘The direct চা 
in six years and was about 90 ou hich about 42 
Was about Rs. 293 million EP Ey 


cation had nearly doubled 
diture on higher education 


seen 
percent or Bs. 120 million 


20 


> 5) 
Vor. 22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ PARTS1& 2 
ou. £ 


(Rs. 12 crores) came from students’ fees.1+ The number of students during Ee EN 
period would no doubt be higher. If expansion continued 2 about the same £ # AE 
in the middle of the Third Plan period may reach & million and a half. সীল 
however necessary or desirable to allow such an increase in ‘fubure, and hl ন নকলা “ er l 
accept a target of one million students in higher education in the Third Plan Xl a“ FE pe 
in mind a million and a half. For one million student, the Government grant in lie 


illi L 18. 44 crores 
fees would come to about Rs. 16 crores, and for a million and a half to about Ra. 44 crores 
per year at current rates and prices. 


9.3. As regards financial assistance for maintenance, at the rate of Rs. an Hl 
RBs. 400 per year per student on an average, the cost would come to Rs. 80 or Rs. 40 pr 
per year for one million students. T have used average figures because it would be 
reasonable to adopt Something like a “means test” so that the amount of the stipend A - 
depend on what assistance the perent would need to maintain the student without নয 
Strain. Secondly, Stipends of a larger amount may be offered as incentive to attract Siders 
to science and technology or other suitable subjects and also to post-graduate course. The 
total cost may be of the order of Rs. 50 or Rs. 60 crores per year. If the Third Plan succeeds 
in raising the national income by five percent per year (and this is about the lowest safe 


limit) then the additional income generated would be at least of the order of Rs. 600 crores 


Per year or more out of which there should not be any difficulty in providing the above 
expenditure,2 


9.4. Selection for admissio 


ns on merit is indeed a. formidable task, but IT venture 
to think it is not beyond our capacity if we call science to our aid. The objects of the 
admission test must be clearly defined, and attempts must be made to maintain uniform 


standards throughout the country. I shall make a few Suggestions to serve as a basis for 
further discussions. It may be desirable 


to try to assess such aspects of the candidate’s 
qualification, for example, as (2) his content of knowledge in @ppropriate subjects, (b) his 
ability to search and compile relevant information from books and written materials, (ce) his 
capacity to Organize his knowledge and convey his ideas in @ clear way in a written form, 
or (a) his skill in manual ability to make scientific 
experiments. le to assessment On @ more or less 0 


Which a candidate has only to indicat 
different alternative nsw be used in tes 


observations or 
bjective basis. For 
© his choice between 


ting knowledge in a standardised manner 


and collect information from given 
at different levels of difficulty. The ability 


ন Y asking the candidate 
8 of material pi i be collected by him 


of the national income; 
whole. It would be nec: 


ESSary, 
additional taxation or in 


the economy as a 
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from given books and papers. His power of expression can be tested by the usual type of 
free essay for which several hours can be allotted. Some kind of practical work or 
part of the examination. 


experiments can also be made & 
9.5. TI should like to mention that, in my opinion, modern statistical methods can 
ber of questions for any particular paper 


vely to select & required num 
’ in a random manner and at the same time to maintain 
tive 


coverage within prescribed limits vith objec 
Tt would enable uniform standards being main- 
I would also permit almost infinite 


be used very effecti 
out of a given ‘universe of questions’ 
assigned levels of difficulty and subject 


This would have two advantages. 


certainty. 
tained throughout the country and from year to year. 
f individual question papers 50 that copying from an answer 


variations in the content 0 
7 impossible. Furthermore, with the help of modern 


book can be made practically 
clectronic computers it would be possible to mark the objective type of papers very quickly 


and accurately. 

9.6. Imay also explain that the test for admission need not be one single examination 
but may very well be different examinations for different groups of subjects. For each 
Sxamination 5 however, necessary to maintain as uniform standards as 
possible over the whol To maintain parity or equivalence of standards between 
different examinations would be technically @ more difficult task. However in principle, 
it is not absolutely necessary that the quality of the candidates should be the same in all 
subjects. If there is greater competition in certain subjects it ঠি likely that such subjects 
would attract candidates of a higher quality on an average. This need not be prevented. 

9.7. One great advantage of the proposed system would bs that it would be possible 
to reculate admissions to particular subjects in accordance with social needs Opportnnitigs 
of employment which are likely to be available to the students after gra A ন this 
way admission to higher education would be geared to future requirements 0 rained 


manpower. 
9.8. Tt would be of advar j 
pondence courses and external examinations to টু 
Correspondence courses are being used very ex চট ns A ন 
ssible to take advantage of Soviet experience. AT angemen ) 
Leal tory Or other institutional work for prescribed periods or 
aoe i Fe course, call for much organizational effort and experi- 
ন ভন ie i LE employment of persons with higher education. 
uld offer HOP gions (including practical work or tests as necessary) 
E RE ong one and would be @ safeguard against abuses developing 
Or 


would be, 
e country. 


institute evening classes, corres- 


ntage in many ways to 
er education. 


fer fuller opportunities for high. 
ensively in USSR. apparently with great 


success; and it WO 
may have to be m 
during vacations. 

mentation which wo 
A standard system © 
would keep the door open 
within a closed system. 


NATIONAL SERVIOE 


akes to make educatio’ 
কষ চা 3b would be entirely proper 


all deserving students ie jc for the country for one 
productive and constructive work ‘ncreased in suitab 
productive @ can be Increase 
stipend would b oriod of service in the armed for. 

ডি pe defence forces, We May think 


many countries 0. st 0 Kk 
ipted ace force for constructive Wort, 
a 


n available at its own expense to 
to ask the students to undertake 
or two years. ‘The maintenance 
Je cases during this period. In 
forces is compulsory. In India, 
of @ period of obligatory 


instead of conser! % 
pr i or 1 
service in peace camps 155 
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10.2. It would be probably convenient to ask the students to put in onl se 

eriod of service immediately after their ‘graduation. This would SUPP) every oo 

RL of highly trained persons who would be able to undertake productive work 0 0 পা 
kinds. This would be of direct gain to the nation. For example, it would be possi EE K 

use 2 large number of such students to do teaching work at different levels all Be the j oa 

The medical graduates can help in bringing medical care to the villages. For Wis i be 
himself it would be a valuable period of apprenticeship training, something like the “‘internee 


i ir i I) Ment 
Work in hospitals by medical graduates, and would be of help in their finding employme 


SDec KE U ACC camps or 
Suited to their training and aptitudes. The most valuable aspect of the peace campy 


Peace forces, if I may use this Phrase, would be the bringing together of young persons fon 
widely differing types of families in a comradeship of active work for the country. This 
Would be an effective way of promoting the spirit of democracy. 

10.3. Although I have Spoken of students joining the peace camps or the peace 
force after graduation from higher institutions of education it is also possible to have “world 
Schools”, as Dr. Zakir Hussain has called them, for students before they come to the University. 
In USSR a new policy 


has been adopted of asking all students to work for at 
years from the age of 15 before they are 


Possibilities are thus open. The reall 
Prescribed period of service in 
be an Obligatory requirement 


‘least two 
admitted to institutions of higher education. Various 
ly important point is to accept the principle that a 
# peace force for say two years at some st 


age or other would 
for all educated persons. 


SOIENOE AND RESEARCH 

1.1. The importance of Science and tec 

been recognised in India 
that progress has been en 
the teaching of Science ‘a; 


hnology for national development has 
» in principle, since independence. 


tirely adequate or Satisfactory. 
t all levels. 
of research. There is no time to maki 


Observations on some selected aspect 


Tt cannot be said, however, 
There is urgent need of improving 


is also needed in the organization 
€ @ comprehensive review,and I shall m 
5 of the problem. 


Much improvement 


ake some brief 


increasingly difficult for 
J. D. Bernal has recently 


3 young will year by year have more 
১ § » Will be requi fe ids made on them, to know 
Something must be done and reduce the amount cf learning 
hing was considered to be t 


more... 
at every stage... 
he passing on of known 
But clearly, in a civilization 
@ generation, 
inadequate and, also, from 
what is taught is true, or 
It is certain that it will 10 longer be consi- 
J De 0 are taught are half-way through their lives. hat 
1S needed, therefore is a different ana LE content ol HE Ue rl 


mn. knowledge. It will be, not so much the i 
he Way to criticize and discover new truths: i 
¢ method .™1 . 

1J, D, Bernal: 


World Without Wear, 1958, PP.. 197-198 
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dE has been going on for Sone time in the Indian Statistical 
h [ot gS an integrated course of science teaching in which emphasis would 
De given to develop the student's skill in observation, counting, measurement, logical analysis 
f the facts and the design of new experiments to test the working hypo- 
cover different branches of 
tific method. It is no 
only possibility is to 


11.3. Some serious thinking 


and interpretation 0 


thesis. One single set of observations and experiments may 


may give an integrated outlook on scier 


science, which, it is hoped, 
paedic coverage of knowledge. The 


longer possible to have encyclo 
try to make an intensive and integrated study Which would touch particular aspects of 
different branches of science. I have no time to elaborate these thoughts but it seems to 


me that it will be well worth making some experiments in this direction. 


ential to spread the teachir 


aki 
ng Of science extensively at the school level 
ce never possible to secure a sound foundation for advancement of 
ander Fleck, in his presidential address to the British Association 
5S mentioned that in USSR children from 11 to 

ence subjects. I am aware that it is 
ut we Should keep some such target 
deserves serious attention 


11.4. It is ess 
without which it will b 
science in India. Sir Alex: 
for the Advancement of Sci 
17 years devote 46 percent of 
not possible to approach this lev 
in view. Teaching of science, 
by senior scientists. 

11.5. As regards the organization of science in its wider sense, I have on other 
ur OWn National t very active. Our 
esponsibility 0 cientific matters. 


ence in 19 
their school time to Sci 
el immediately in India b 
both in schools and universities, 


Institute of Sciences is no 
f advising Government On 
tivity of this kind. This I think is partly due to lack of 
| tion of scientific societies in the changing 
10 say, partly due to lack of a sense of 
in my Annual Review in 1958 


occasions pointed out that 0 
Institute is supposed to have 1 
In practice there is very little ac : 
clear ideas regarding what should be the proper func 


iti ime: am sorry 
conditions of the present time; I h J 
r own part. uggestions 


thing more of 


and also, 
I have made some § 


asin. 


responsibility on ou 
® ) the present OCC: 


ic sector but this, 
On the contrary, in the 


d maintain truly independent scientific 
advice and constructive criticisms and 
d that we ourselves have not been 
But I also think that the time has 
ure structure of scientific organi- 
ut for the country a5 @ whole. 


and need not say any 
ate of the publ s, in my view, does not 
£ 


advoe 
ernment 


11.6. Iam departments. 


mean concentrating al ul jd up a 
scientific field, I think by Jo to offer 
organizations which would be in 8 Do a mentione 
Suggestions to Government. i 

Sufficiently serious regarding ou 
come for Government to give 56 


zation and research in Tndia not of: 


TIOUS 
nt b 


ion does not lie in officialising all scientific 
truly functional by transferring - 
ctivities. The advancement 
e of society as @ whole. In 
iven @ quotation from an 


11.7. IfImay puti 


ally to 


activities but gradu a 
ibilities and en 


ake th i 


tT 


to them real respons ition of 8 } 
of sci ats TRODEL recogniti VB gander Fleck has & 
 FOLGNEE requires prope ou that Sir Ale he expert is not in the saddle but 
this uomexion T may remind Y t “the place of the exP 

S hl that be on tap not on top.” Tecan only 


ড্ৰ 0 
administrator which went on qhe scientist 
5 the i } adviser. hl 
» assistant and the ¢ eC 
Say that th 1 ture of India depends © nd not merely on tap- i Have a deep conviction 
he future e on top a onl development. Tt is necessary that they 
ip in Nt 


ising that the scientist must dership 
that scientist must supply the lef 


Should take the initiative BT 
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Appendix 
STATISTICAL TABLES 


TABLE 1. SOME CHARACTERISTICS OF DEVELOPMENT FOR SELECTED 


COUNTRIES 
ত > চাক 
steel pro- per capita physicians school 
popula. duction in national per ten children 
country year tion in million income thousand percent. 
million metric tons US of popu- of popula- 
(106) per year dollars lation tion 
(1) (2) (3) (4) (5) (6) (7) 
EE NE Sl STE HET i. HUN 


level of one million ton of steel per year 


USA 1880 50 


) 8 1.3 635 16.3 19 
2. UK 1880 31 1.3 385 6.6 12 
3. Germany 1885 48 ) 340 3.6 15 
4. France 1895 39 0.9 485 3.9 14 
5. Russia 1895 105 0.9 95 1.6 3 
6. Japan 19283 56 1.0 195 J.T 17 
7. India 1955-56 384 1.3 60 LT 0.8 
level of 4 or 5 million tons of steel per year 
1. USA 1890 63 4.3 735 15.9 20 
2. UK 1900 38 5.0 560 8.8 16 
3. Germany 1895 54 4.0 430 4.0 17 
4. France 1913 39 4.7 550 5.3 14 
5. USSR 1929 147 4.9 95 4.3 8 
6. Japan 1935 69 4.9 195 8.4 Yd 
বৃ Shr 1956 608 4.5 70 1.2 1.6 
8. India 1960-61 408 4.3 72 2.1 1.0 


Compiled by the Planning Division, Indian Statistical Institute. 


Notes on Table 1 

tH l 

পককিটদ a Ee output \ ytinsky and Woytinsky : World Population and 

oat চক a cer a China and India. Chinese and Indian figures relate to finished 
Cc) al ন i 

1956 (India). + en from China Today, 295 August, 1957, and Second Five Year Plan, 


are taken from Wo 


2. For USA, UK and Jal 
respective countries relating +t 
interpolation from data give 
obtained in the same manner 


PAT, population figures are taken from the Statistical Abstracts of the 


ee Years. Figures for Germany and France aro obtained by 
Y Woytinsky and Woytinsle i i 
k JY. Russian dat ]: 5 are 
While the figure for 1996 i Bist. Mis Bey 


al Economy of USSR. Chinese 
ces; and Indian data from the Second Five Year Plan. 


hs Russia are taken from the 
LL Pens: Books Na » ictionary of Statistics. French data relating to 1895 is 


ational Y' VL ic Studies, France, while 
The figure OE t 1920. Data for USSR and India are 
+ BOR EG 1s based on the Statistical Abstract of Japan, 1933 

‘Nese figure is from the Report on Fulfllment of the National 


from sources given in (2). 
and the UN Statistical Yea 
Bconomic Plan in 1955. 
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4. The US figures for doctors are from the Historical Statistics of USA while those for UK are 
Ir the Professions by Carr-Saunders and Wilson. French data are obtained from Woytinsky and 
Woytinsky. The German and Russian figures are from Mulhall, Dictionary of Statistics and Woytinsky 
World Population and Production while the figure for USSR is from 40 years of Soviet 


and Woytinsky, 
e from the Statistical Abstract of Japan, 1933 and the UN Statistical 


Power. The Japanese figures ar 
Year Book, 1949-50. Indian and Chinese data are from st 


5. National income figures are roughly dimensiona 


956 carried backward by index m 
dered in the Science and 


.ources indicated in (3). 

1 and are obtained from certain estimates 
at current dollars for 1955 or 1 umbers of real per capita income. 
Some of theso eurront estimates were consi National Planning, Sankhyd, 
Septomber, 19538. 

Tho index numbers used for 
President, 1957; and the “Long-term Chango in the 
Kuznets, (Income and TYealth, Series II). The German figu 
Statistics of National Income and Expenditure, (UN Statistical Papers, 


Growth of National Income in Germany” by P. Jostock, (Income and Wealth, 
beon made of data given by Prest, National Income of the UK, (Economic Journal, 
nal Income... Nineteenth Century 


Statistics of National Income and 
Ss are obtained on the basis of 
person given in Colin Clark: 
jy data given in the Japanese 
d are taken from 


USA are taken from data given in the Economic Report of the 
National Income of the USA since 1870” by Simon 
re is adjusted by series available in the 
Series H), and the “Long-term 
Series V). For the UK 


estimates, Use has 
March 1943); Phyllis Dean, Contemporary Estimates of Natio! 


(Economic History Review, Vol. 8, No. 3 and Vol. 9, No. 3); the 
LBaxpenditure (UN) and UN Statistical Year Book. The French figure: 
UN sources indicated above and a series of real output per working 


Conditions of Beonomic Progress. The figure for Japan is adjusted b 
o Chinese and Indian data relating to current perio 


Statistical Year Book, 1957 whil 
official sources. 
Notes on Table 2 
List A (developed countries) : i 
(1) Australin, @) -Austnios (8) Belg (4) Canada, (5) Denmark, (6) Te (OECTA Ee 
Aus ly যং 
of Germany, (8) Finland, (9) Teeland, (10) Ttaly, (11) Luxembourg, CE (13) New Zealand, 
(14) Norway, (15) Sweden, (16) Switzerland, (17) South Afrion, 0B) 0 j 
List B (socialized countries) : 5 i. i 
Du Aino 2) Bulgaria, (8) Czechoslovakia, (4) China, 0! Ger Deseo HAI 
(8) Hungary, (7) Poland, (8) Rumania, (9) USSR, (10) Yugoslavia. 


List © (medium developed countries) : 
(1) Argontina, (2) Bolivia, 


(8) Dominican Republic, (9) Elsalvador, 
(16) Japan, 


Rica, (5) Cuba, (6) Chile, (7) Columbia, 
(11) Greece, (12) Guatemala, (13) Haiti, 
(18) Mexico, (19) Portugal, (20) Paraguay, 
5) Turkeys (26) Uruguay, (27) Venezuola. 


(3) Brazil, (4) Costa 
(10) Ecuador, 
and. (17) Jamaica, 


(14) Honduras, (15) Troll: 2 f A 

(21) Poru, (22) Panamd, (28) Puerto Rico, (24) Spain, la 

List D (underdeveloped countries) nog CO Bona 6) Belgian Congo, (6) China, (7) Ceylon, 
ny Vest Africa, (12) Ghana, (13) Hongkong, 


(1) Afghanistan, (2) Algerie, Fl 
(9) Cameroon, (9) Egypt (10) En 
(14) Indi 15 Indonesia, (16) Iran, os) I i 
(22) EL " 55) Morocco, (24) Mans ত 0) Saudi 
ys Le i: desia and NY! % yt 
(28) Pakistan, (29) Philippines, ৰ (37) Tanganayika, 


(33) Syria, (34) Thailand, 35) Taiwan, 


aE Book, 1956. 

Sources : UN Statistical Year Book, . 
i" are from the UJ 

(2), (4), (5), (9) and CU from Statistics prepared by the State Statisticd 

tion figure is taken Chinese figures for physicians and primary school 

il ureau of the People's Republic 


an) French 


, (18) Israel, (20) Lebanon, (21) Liberia, 


(26) Madagascar, (27) Nigeria, 
Arabia, (32) South Korea, 
(38) Uganda, (39) Vietnam, 


(19) Keny@, 


istical Bureau of 


Columns 


the People’s Republi a 
students aro from tho statis’ 
oF China. 

icians 


imary school students are from the data supplied by the 
dd prt ' 
generally in Sankhya, Vol. 20 


The USSR figures for phys RS | বি 

SRE EU Bab 5 le income figures 18 explaine 
The method of estimation © j planning” 

Parts 1 and 2, “Science ant Nations it 
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“(dd 3H wt se) Bonuyy pute eIsy ui satqunoo padojeAopopun sopnfouT 

‘() 18H ut 58) voroury unveT put adomsy[ ut sarqunoo padojoAsp umipow put uedef sopnfpou] ¢ a 
“(g 3s] ut se) sarmqunoo pazi[eroos [fe sopnjou] zt 
‘(VY as] ut se) vifensny ‘adomsg ‘eortoury YON ui satqunoo padojoAep sepnjou] 1 


‘Almuorsuounp yo popunoa uasoq oat sam53y touyg0 pur uonejndog ‘ommsuy eonseS werpuy ‘uot Suruuelg ou Aq perdwog 


a6 90 Ho 901 E66 0gET 609 aOOI 0094 Ieg03 [OTF 8-9 E] PHOAL ‘ET 
Fr ru) Surpujour 
vi EI Lc lo) HL LE 9 FIL O0¢T padofeaepiopun ‘II 
vu) Surpnjoxe 
£0 Lad! SE a 08 Er z IL 006 (Iegog-aqns) padofeaopaopun °or 
TS 8° lc 19 8 € ET 08E * tipul ‘6 
HI ONE OTT £T 98 088 s(le30q-qns) unipojy ‘8 
TI FL 9 oI Iz 06 uudep 2 
06 OFE cL 860 £9 SLE 006 s(It301-qns) pozifetoos ‘9 
LS [i 8'+ cI £ Ld [1104] UuIY Me 
99 008 ITE OL1 [ey O0z 00g USSD °F 
5 rs naz ক: sat 2 -' do[9Ao: < 
aE Er LEE HEF a6 2OIT 161 998 OCF (Lei ot qne) POdOEAL: “5 
801 2°01 IFBI FOE 006 6 0g 97 09 wopsuryr patun i 
Sel $l aISE aT) O80 659 90T IF or UOINUIYr IO E0288, PONT, 
(01) (6) (8) (x) (9) (8) (7) (8) (€) (0 
suo} F 
(3) UA oImow (s01) 
uonvel (qa) os mop SN (oon (901) uorlliq 
-ndod jo uon Ayo opnaio ur ouovut uorlidq uorlr “0llop (901) ক্ল 
puusnou? -undodjpos — — — —_—_ —_—_ __—_—— [euonuu Ayo ur [oogs SNnut suo i 
tod sqidnd  puusnot} uononpoad bl -Imooje opnaio omoogur ur uo 
= Ieuoneu  -emndod 


loouos uo} aod 


Amuwiad suvrorsAyd Ides sod _vommrd LLL — — — — ——— 


99-9861 LAOAV SHIUIENNOD AO SANOUDH NV SAIULNNOD Ad SLNATALS 'TOOHDOS El rE dANVv চ ! 
SNVINSXAHd JO YHAANAN ANY ‘XALIOTHLONTH CNV 'THHLS IO NOILLOATOYd ‘AWOONT TVNOILVN NOILFTIAdOd ‘se UTAVL 
yt 
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UDE STEE 


L, IN MILLION METRIC TONS! FOR 


TABLE 3. OUTPUT OF CR 
WOR. 
year Worldz United Unite. 
H d Germ! 
Kingdom States any USSR  Japans Chins India 
(1) 2) (3) (4) (5) 6 7 
- (6) (7) (8) (9) 
1870 ut 0.2 fs 0.2 A 
1880 4.4 1.8 1.3 0.7 0.38 
1890 19.4 3.6 4.3 2.2 0.4 
1900 28.3 5.0 10.4 6.6 2.2 
1910 60.5 6.5 26.5 18.7 5 
1913 176.5 7.8 31.5 18.9 4.8 0.2 
B 2 f 
1918 78.6 J.T 45.2 15.0 
9. z . 0.4 
1923 78.5 8.6 45.7 6.8 0.6 , I 
দ চ ক . . 1.0 0.2 
1929 120.5 9.5 57.3 16.2 4.9 2.38 0.6 
1932 50.7 5.3 13.9 5.7 5.9 2.4 0.610 
1939 135.6 13.4 47.9 22.4 17.6 sf 5 1 
1040 142.9 18.2 S08 DO Be 6.9 0.6 1.8 
sg SF BY 13.9 5.9 0.9 1.4 
12.0 72.3 0.3 12.8 2.1 n.d. 1.4 
ig SIS 27.8 4.8 0.2 LS 
90.1 108.8 45.8 9.4 2.9 1.7 
21.0 104.5 48.65 © 1.1 4.59 1.8 


On 


2 Excludes China upto 19. 
IY 100,000 tons. 


from 1950. 


1 one metric t 


s f = loss thar 
4 Wost Germany 
USSR 1957 and 


55 million motri 


a 


vision, 


Planning Di 
Wo 


Compiled by the 
nd wWoytinsky ‘ 


(a) Woytinsky @ 
1953). 


(b) United Nations Statistical Year B 


= 1.1023 short tons. 


32 and 1 


1958 figures ar 


c tons respectiv 


Indian S 
rld Population an 


6 Incl 


tT Rel 
s Re 


944-50. 


» China 1957 and 19 


nd 11 million met 


)! and ar 


ely. 


tatistical Institu 
d Production : 


Past and 


Jates to 1943. 
Jates to 1949. 


te, from : 


Now Delhi, 


(0) D. G. Zhimerin : EBeon 
(d) News and Views from the Soviet Union, ( he 
(e) China Today : 25 september 1958; 10 January |; ie a: 
(fF) Report on Fulfilment of the ational pronomie Plan of te 
with Statistical Summary)" 
(9) setialh Yh Statistical Study of I ft Industrial Development. 
27-28 t 1936-87. 


(h) Statistical Abstract, India 


21 


Trends an 


Present, ( 


udes Korea upto 1932. 


BS figures are 5.8 


jc tons respectively. 


10 Relates to 1932-88. 


d Outlook (New York, 


Moscow; 1958). 
18 December 1958). 


s Republic of China in 1955 


se ATTSTT OS Ss 1 8 
Vor. 22 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ PART 
OL. 22 : 


Nl J. SXCHANGE REGISTERS 
TABLE 4. INCREASE IN LIVE NUMBER ON LABOUR ENGAGE R 
l | IN INDIA IN 5 YEARS: 1953-1957 
LEAT — CHEE A EE ric enc EERO SEEN 


i i thly ratio of 
number on Increase in monthly aDDlicants to 
i j j re years uverage of appiicant! 
LE ies Lin effective effeetiv ye 
tional SOELOE placements placements 
occupationa. 
hier January Decem. number percent 1953 LUST 
ber 
1953 1957 
(13) (181) t 
) ঢ fi) 
1) 2) (3) 4) (5) (6) (7) (8) | Lt 
1. industrial ll 3 a 
Supervisory 4,317 5,029 L612 37.8 180 IT 24.0 [ 
' 2, skilled and Fe ee uy 
Semiskilled 46,539 71,508 24,969 53.7 32 1,910 20.7 37 
শৰ 36.0 
3. educational 6,625 40,246 33,621 BOT. 401 ES Ye 30 
4. clerical 113,424 267,757 154,333 130.1 2,006 3,504 74. 
5, .domestic service 13,987 32,018 1S,031 128.9 138 LIA LE.0 25.1 
6. unskilled 221,761 460,639 238,878 103.7 8.452 6.178 26.2 6 
7. others 27,775 44,002 16,227 58.4 1.230 22.6 “5 
5. all categories 484,428 922,090 487,671 112.3 15,454 28,1 57.4 
1 That is, col. (8) = 


col. (2) col. (6); and col. (9) = col. (3)/col. (7). 


TABLE 5. NUMBER ON LIVE REGISTER AND NUMBER OF 
AND REPLACEMENTS: 


LABOUR EXCHANGES IN INDIA, 19: 


t 
all categories 


ET & 
7953 1954 1055 1056 1057 
0 5] 0) WwW 6) (6) 
+ lL. monthly average of effective 


Placements 


i 


15,454 13,538 14,145 
+ monthly Average of vacancies 


15,821 16,069 
notified 


21,392 19,990 


28,377 24,718 24,760 
+ monthly average on Live Register 


647,109 749,099 816,280 


+ number of applicants per v 


ucancy 
(row 3 —~ row 2) 


28: 2.7 30.3 33.0 
5. number of applicants por placement 

(row 3 — row 1) 30.9 41.5 45,7 50.8 

Compiled in the Indian Statistical Insti p 


tute from 


Employment Seekers 1953-1957.5 


“A Study of Trends 
D.G.R.& E 


(Minist ry 


in the Year 


in the Number of 
++ September 1058). 


of ‘Labour & Employment, 
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TABLE 6. DISTRIBUTION OF DOCTORS PER MILLION POPULATION BY 
LEVEL OF QUALIFICATIONS AND STATE OF RESIDENCE IN 1954 kL 


Vy doctors per million ৰ 


popula- number of doctors (108) populat ion index 
tion IDE 
states 1954 graduate graduate EEE. S . 
(million) and licen- all and licen- all Bengal 
post- tiate _ post- tiate = 100 
graduate graduate ; 
(1) (2) (3) (4) (5) (6) (7) 68) (9) 
]. Andhra 32.65 2,025 1,908 3,933 62 5 120 19.8 
2, Assam 9.59 403 2,281 2,684 42 238 280 46.3 
3. Bihar 40.07 1,762 3,302 5,064 44 82 126 20.8 
4. Bombay 51.15 6,098 6,044 12,972 135 118 253 41.8 
5. Jammu & Kashmir 4.54 32 42 74 7 9 16 2.6 
6. Keraln 14.51 836 845 1,681 58 58 116 19.2 
T. Madhya Pradesh 26.50 73] L191 1,922 25 44 72 11.9 
8. Madras 31.38 2,959 3.083 6,042 9 98 193 31.9 
9. Mysore 90.58. LIOO 1846 2,946 53 90 149 339.6 
10. Orissa 14.94 448 800 1,248 30 54 84 13.9 
i 1,118 1,915 3,033 67 115 182 30.1 
BOARS a ‘454 O67 13 £27 4005 
12. Rajasthan 16.74 213 45. I £ ~ 
] 15.7 
ত পঢা 3,244 2,088 6,238 Ne td 
13, Uttar Pradesh 686 5) aq IoSE AON ES 0 G05 100.0 
i, WRITE Er eT ns Gssy BM SOP 
15. Delhi 1.98 : i 
31 42 73 27 37 lb) 0.7 
16. Himachal Pradesh L139 ন or E টড 40 6.6 
17. Manipur 60 ন 145 i176 ‘45 210 255 42.1 
18. Tripura 0.60 ্‌ ত দঃ সন 
04 28,792 387,810 66,602 TINE Me 


aligots n, Planning Commission; based on Medical Registers. 


Source : Perspecti 
AND COLLEGES 


TE OF UNIVERSITIES 


TABLE 6B. 
সর type of. expenditure 
source of income JP (percentage) 


ing (percentage) & 
recurrin! ——.—- 
L , sal scholar- others 
typo of institnion bE govt. fees noe others ary OE 0 
ants 
Rs. lekhs) Era ্ ন 
b “Es LE (0) 
2) _ 
(1) ( 9 15 25 b 4 71 
49 34 4 
শীল — 100 
1. university teaching 937 1" WT Ee 2 
i 1382 E Ny 48 14 38 
9. boards of education 0 67 28 i চিঃ us 5 
3. professional colleges ন 34 56 $ iB Be 95 ৰ 
4, general colleges 39 39 | 
5. intermediate colleges Len ঢু 19 3 10 44 10 46 
4 ডৰ 
6. total higher 1320 1232 1291 08 
in Rs. lakhs Ete দান 56 
৯ fe D0: 
Source: Education in India, Ll ~ 
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N : SELE b LOUNTRIES 
TABLE 7. STRUCTURE OF EDUCATION: SELECTED COUN 


USA USSR UK West France Japan China India 
y SN 5 56 955 1955-56 
EL 1955 1957-58 1954 1056 1954 1956 1955 
Fl 9) 
0) 2) 03) 4) (5) (6) (7) (8) ( 
1. population Gt নদ 
Larlione 165 200 51 51 43 90 ) 
number of students in thousands (000's) 

56 53,126 22,500 

2. primary 25,458 25,055 5,484 4,955 4,921 12,056 53,126 22,8 
চ Ee ie 478 8,789 
3. secondary 7,961 7,51li 2,483 3,668 1,300 8,063 4,473 ‘ | 
e 0" 8S 

4. higher 2,679 2,100 84 127 150 610 292 6 
$ 57,8: 32.360 

5. total 36,098 34,666 8,051 8,750 6,371 21,620 57,891 32.36 

number of students per 1000 of population 
) 59.6 
6. primary 154.3 125.3 101.5 97.2 114.0 144.4 87.4 59.6 
j [ 22.9 
7. secondary 48.2 37.6 48.7 71.9 30.2 89.6 7.4 22 
8. higher 16.2 10.5 1.6 2.5 3.5 6.8 0.5 1.8 
9. total 218.7 1138.4 157.8 In.6 148.1 240.4 95.3 84.8 
number of secondary and higher students per 1000 primary students 

10. secondary 312.7 299.8 452.8 140.3 264.9 622.9 84.2 383.8 
1. higher 105.9 83.8 15.3 25.6 30.5 47.1 5.5 29.7 
120d 417.9 383.6 468.1 165.9 204.7 669.4 89.7 413.5 


USSR: USSR in pi 


gures (in Russian), 1958. 
data due to the fact that vw 
UK, West Germany, France and 


China : From Report on 
in 1955. 


full led i Structural features of Soviet cducation are not 
t টী 

‘y revealed in recen ty few children were Dorn during the war. 

Japan : UN 


Statistical Year Book, 1957. 
Fulfilment of the 


National Bceonomic Plan of the People’s Republic of China 


'S relating to Indian Economy (mimeographed : 
1. 1, 1955-56. | 


India : Basic Statistic y < ducation; 
and Bducation in India, Vo Os ENE 


164 


PLANNING 


NEXT STEPS I 


-uorsstuwon Buruue[d “uosiarg uuu oAmoadsiad 


INO 
“uomeonpo ur ewodrtp sopnfouT s ‘omqnousBe ‘AreuringaA pue suport ‘BurdsauiBuS Ssapujou] : ‘amqnouse sapnjou] t 
8'z 2° L6G "a s430l0uyaa] Y AUIS 
HIE 90 BL Lh suonmeonpa 
are 0°89P  T'8L JAISUNUOD ‘AB| ‘SPAR 
£6r 9°8LL EOI sloop-UF 
BEE LIT 9° uoneanpo 
হা 008 9:01 UT sABolouuoa] ¥ nus 
a £99 6°6৮ 9% 9°69 DISWWOD NY AB ‘FFE 
A amnpvab-1od 
He AE 96 99°C A30jouyoo) ¥ onus ‘BE 
bb "9G 8°9F anaiowtWwon ‘sae LE 
9.00% aaubaT 
8°96 9° "PE £° TI aI 9°86 ABofouuao} FP JAUAIS 
€'80  O°IL Te P'8LE £8 er0e 


9°0 Mee 


SDISUWULOD ‘SPUD 


apypautiiayuT 
9°0 it | 0 oamymouBe ‘PT 
8°'1 [a [: mw! শর 8 zAzeuuMoA ¥ udp CET 
6°00 90 9°00 নলা [i Budo aus YP ABOU TET 
FTL - €'8 ) asus TT 
8 8'0 ‘0 Ee (uau3ty) uoweonpe ‘EIT 
9°91 6°01 ‘L 9° (1d) uoweanpoe TIC 
‘0 70 jE ‘0 ES (uous) Ave] ‘TOG 
[Yd £6 70 ‘SI 80 MAB] °U'0G 
IP LG ক ‘€ 5 asuouwwon GT 
TCE ap El syae ‘SIL i 
0°00 £6 ‘9g 0°001 VTE aywonpnab-3sod ‘LI =) 
GT legs ‘6 I°z gs eaumMouse ‘9T FY 
8°06 L’$ [id TI zAABULNANSA ¥ SUMIpow GT 
aL নলা L°LI 8°L 1°01 ™Bolouuoon  BuusauRus FI 
£55 9°87 4 U6 HOUR SF 
8c I°18 £°Tl 8g anaowuios El 
9°97 a0 8°88 Lad LO da S48 11 
0°00F TTI 20s 0°00 I°gIT daub ‘01 
I'L L°0 EAL TOI 6°0 Axe ur 
pue suoipon ‘u 
O0E 0d I ) U9 0° 9°0 +0 uoweonpes “18 
GBT 1'88 ia হলঃ LET L’$8 প্ষ্প £8 "8 AB0louuPy 
pute Bussum Buo ye 
0°00L 9° L'0 1°9c 0°00  0°E 8°6 6 nuwoyklid ‘9 
j = = EO < 9°1 I 9°1 omginouse ‘G 
96 8°0F 6° “065 £9 9°78 SINUS *¥ 
t= 2 0°0 9 ND E) sasuuon °E 
6G°0I €°1¢ 0°8 € FEL O0'8I £96 sqa8 zg 
qT 0°001 6°01 OEE FE 9°861 apypawuarwT IT 
(8) (aL a9) (27) TE) (22) (rr) (Is) (Us) (nD) 
e101 spun s£oq Imo Sas sAodq Imo sus sAoq Iexzor s[a3 sAoq 
ন a ্ Yt < 
onuyuo (000) toqumu a5euood (000) toqunu goolqns pure [oxof 
PDE ~~ ল — = = 
LO~-9S6T I1E-0C6I 


—  —  —  —— — — — — — — — —_—_—_—_—_—_—_—_—_—_—_—_—_————————————————————————েেেেে——————————————— 


L¢-9E6T pue I¢-0C6T 


DVLNSOUUd HLA 


KMS NF LOALANS “TAAAT Ad SINACONLS JO INAWIOUNA ‘8 ATAFL 


[ PARTS I & 2 


THE INDIAN JOURNAL OF STATISTICS 


SANKHYA 


Vor. 22] 


“uowstwo) BuruUB[d ‘uoISIAICT Suu oAMoedsiod : MANOS 


-aumi[nmouse puve ‘Axuizog0A YP euwrpow ‘Huulseuuo sspujoul 1 


EE oqyeiogop ‘PE 


চট 78 82 Tz 197 €'0I  8EI EI SI 
5 EFETL TELY 60789 9°09 61L°LF OFLE 6LE'FF TA30louy90r Y oouoWS ‘EE 
0°08 LLO'G 9°6Ec  EGIE 9F6 LTTE uonuonpo  °z$ 
Tol OFY' LHI E6C"OFT FIFI  SGII6G  c9I‘El 98082 cozwwo Yy Av ‘se TE 
SFI GOFOEE £°3T eca'FEIl  eogTe O09C‘IEI 879092 2F "08 
£5 OFT 8 IFL'T 58 2991 1A50jouyoog y couoids ‘6G 
£°Tl SCT'TI IOI EOI 180°6 oolowwoo Y AUT ‘SYR ST 
appnpvab-jsocT 
Ht CE OLT'1 09L'FI 1£30]0uyo03 Ap oduoIos LT 
ul 4° OIG'F I18'€g aouowwoo YP A] ‘sya ‘gE 
aaa 
LE9E 626°8E £9 9108s 288° IET9G A30louyoo? ¥ ommorBe ‘vouoIws ‘LE 
9891 08698 G'FI  TLO‘EE  066°L IP1eF SNOT TOOLS HE 
EIEN eeu Hi 9DApauitoguT 
JOT —— — EI ক EFI = emgjnmouse ‘ET 
$LI £°91 LE GOI LA ATI IT AavuluogoA ¥ ouopout ‘ETT 
801 ক — SFI Et 88 1 Builoomsue LTT 
a8I £°0I TI LESS £9 SGE'I gL eouoWms ‘IE 
o0rz T'GE FI Io 91g 9 (toy) uongeonpo 0 
GT 6°6g 0°6 LLO'G ISS (‘x'8) uomquonpe ‘TO 
GOT LF ন Ft) 91 I (ious) ae 5°61 
91 0°g 1988'S SII 0's Gree IL Avel "T6I 
GLT ফ'0 IEO‘T + 5°0 JLe 1 eolowuoo ‘81 
O9T 0° 0g 1OG'T 6° 696°e FG saa LT 
V6I 9°21 St0e 9°ET eF0'c1 280 £661 Hunpnab-ssog ‘DT 
98 4°0 9 +0 IFO‘ + LE0‘T omgmouse ‘GI 
O91 0°91 [6 6°91 £561 CTE S6e'T AinuliogoA Y ourmrpour ‘FI 
GIG i) 1) I'0 ELLT I TLL A30louyo09 9 Surcousue ‘£1 
FEI 6°01 a€ Bb ASL £L EIL (suoy) © E'6T 
PL 9°01 LPG'FI LLE‘T FL LOF‘OI LIL 0F9°6 (BSC) dono" "TET 
aI 9°0 £958 08. £058 0 EEC নৰ IP's SCBINTTOE TT 
FOL LOG GLEE L8F e981 6'6L  FOTE 0GF FIST (:suou) :@01 
a8I £'IG  9I0‘LE 668°L LIL‘GG 7°81 SELLE 98¢‘9T (ssud) saae ‘LOL 
ENT 6°FI 09@1L 8THI‘OI T1609 €'ৰা 088‘ ILO‘8E eeuieT "6 
£0 LARS 680'L 988s +e0e LFF LIF 8699 siouqgo tb) 
ITT কচ LLO‘F ey LLG'T সজ I 9T0E ABolouyoo? ¥ Buucomsuo L 
68 T'0c  99g‘TI 080T IEOOI 8°88 SIT FEL'8 vuogdig ‘9 
SSI @0 FET Hl EFTT IO I 29 PO 
Ig 8'8 IFE'IF 0798 9TLLE 6°09 F88‘T GEFCE oouoros °F 
LLL 6°0  OGETI FOI HET 80 omg LI £689 ত ক 
SGU 6°LT  OPE‘GG G8F‘9T TILGL 0°LT  I99‘9F SIOZ SFL'SE S30 GE. 
OSL 8'$া TEIOFI EIE‘OTG 6E6°CTT TI 280°T8 oTIR‘G TLE‘TL Fe __ 9imypoutianT CT 
on (0) (8) (2) (9) (a) am) (8) (€) SS MSIE ES 1 BA 
i sus 18901 sus s£oq sus 1909 sas sAoq 
O0I= Jo Jo 
19-0g6I oSequoouod possed soqumu e5vquooiod pesstd Joquwnuu uoMVUWBXO 
xoput Uy 
99-2061 TS—0S6I 
LL ——— — LE  —  — — 
99-996t NV 19-0861 : LOSLAAS NV THAT AMA VIONTI NI SNOSUAd CHIAITVAD JO NUALLAO ‘6 ATAVL 


166 


NEXT STEPS IN PLANNING 


‘TABLE 10 NUMBER OF STUDENTS APPEARING IN AND PASSING DIFFERENT 
EXAMINATIONS, AND THE PERCENTAGE OF SUCCESSFUL STUDENTS 


52 to 1955-1956 
_1953 1953-1954 1954-1955 1955-1956 


India: 1951-1 
1951-1952 


(1) (2) (3) AL e (5) (6) 
Appeared 
1. Intermediate Arts 109,493 139,422 169,257 189,385 207,118 
2, Intermediate Science 61,891 67,155 78,973 85,042 93,405 
3. Bachelor of Arts 47,841 54,710 74,824 81,421 79,920 
4, Bachelor of Science 23,428 27,457 31,107 34,754 32,667 
3. Master of Arts 7,780 7,808 10,281 11,729 13,215 
6. Master of Science 2,144 2,114 2,667 2,946 3,142 
J. Profossional 36,402 41,497 48,237 53,005 48,450 
8. total 288,979 340,163 415,376 458,282 477,917 
Passed 
9. Matriculation 201,05 884,760 SS a 9 I 
10. Intermediate Arts 52,373 59,703 71, U 182 
11. Intermediato Science 25,463 29,318 33,211 839,735 41,557 
দৰ 1 f Art 24,965 27,491 35,773 40,445 37,992 
SE He ক LLL 123636 TED 16,704 15,907 
shelor y 
13. Bachelor ot. CiCNOt 6,009 oD T1858 8892 9313 
14. Master of Sat J G80 1604 9068 2211 2456 
15. Moskos oF ET ag. 684 56,200. 30102 39,181 35,172 
দ্র Prolossinna! Css IBD B58 8.7173 9,507 
16.1- Commerce 05588 5,502 6,602 5,996 5,628 
16.2. Law ane” দস 6,749 9,492 11,106 
16.3. Education & Toncheor's Training? on a ess ক লেন 
16.4. Technology & Engineering নল 2512 3,541 4,089 3,888 
10.5. Modicine & Votonn Jk Ble HD LIB1 "1109 
16.6. Agriculture and Forestry 405,458 407,930 592,017 627,928 662,763 
17. total 
Percentage passed 47.8 42.8 42.3 45.8 43.5 
18, TIntermodiate Arts 41.1 43.7 42.1 46.7 44.5 
19. Intermediate Science 52.2 50.2 47.8 40.6 47.5 
20. Bachelor of Arts 47. 45.6 46.3 48.1 Eo 
21. Bachelor of Science TT. 79.0 75.4 as To 
29, Master of Arts 8.4 80.1 77.5 75.1 78.2 
এ Ss oTGG 43.1 492.2 46.1 43.8 
23. Master of Science es) 45.4 টন 49.2 48.0 
24, Intermediate (LA. & AO 50.7 48.7 ly 5 
Se.) 19.2 75.8 নট. 72.0 
25. Dogreo (B.A. & B.b¢: 78.0 52 fg 
2 i M.Se 62.8 63.8 62.5 62. 8 
EO দা 48.0 46.9 49.7 48.8 


27. Professional 
2 total 


955 and 1955-1956. 


““ 
1 Includes ot 
uc 


Source : 
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TABLE 11. NUMBER AND PROPORTION OF STUDENTS IN HIGHER COURSES 
IN RELATION TO NUMBER OF MATRICULATES IN INDIA IN 1952 


~—_________ 


number per 10,000 


number on rolls per cent matriculates 
Courses - 3 —— দৰ 
boys girls total boys girls total boys girls totu 
(1) (2) (3) (4) (5) (6) (7) (8) (0) (10) 
Intermediate 


first year intermediate courses in 1952-53 
(0.1) number of matri- 
culates in 1952 222,371 35,767 258 138 


100 100 100 10,000 10,000 10,000 
1. total on rolls 153,041 20,330 17 


TI 69.2 56.8 67.5 6,920 5,680 6,750 
(1952-53) 
2. arts 13,621 77,472 28.7 38.1 30.0 2,570 3,810 3,000 
3. commerce 127 19,637 0.4 7.6 880 40 T60 
4. science 5,903 68,451 16.4 3,820 L640 
5. agriculture — 1,209 — 50 — 
6. diploma: technology 5,667 1 5,668 — 250 - 
Ble ,, : education 235 201] 436 0.6 10 60 
7.2. : others 921 477 1,398 3 0.5 40 130 
Degree first year degree courses in 1954-55 
(0.2) number passed 
intermediate in 1954 98.011 15.612 113,623 100 100 100 4,408 
8. total on rolls দু! 


74,047 10,727 85,674 76.5 68.7 75.4 3,370 
(1954.55) 
5. arts (pass & hons.) 
10. commerce 
11. science 
12. technology & 


7,654 40,916 33.9 49.1 
77 2 12.8 0.5 1M. 
20.0 13.7 


engineering প 4,000 1 4,001 MT = Bi 180 155 
3. medicine & veterinary 3,056 733 3,789 3.1 4.7 3.3 137 205 147 
14. Agriculture 5 1,226 L® = ) 55 || tT 
5. diploma (others) 11 L437 L4& OF 138 5) BL BG 


Post-graduate first year Post-graduate courses in 1956-57 
(0.3) numbers awarded 
degrees in 1956 51,698 5,332 61.030 


100 100 100 2,325 2,600 2,364 
16. total on rolls 


(1956-57) 33,988 6,084 40,072 65.7 65.2 65.7 1,528 1,701 1,552 

17. arts 9,015 2.02 ্ 
13: Foner bie ol het AT 18 agg sg aan 
+ Law হস el « +) 
20. education Fr 22.6 19.5 526 6lL 462 
21. science GE 14.2 17.5 330 921 419 
22. agriculture 264 0 16.2 152, 107 18 
23. diploma (others) 865 i Ty jb b 0 

. | bs 2 

Science & technology DSR GiE sfc EOE BOE R058 3s 005. wdc 


24. intermediate 
(1952-53) 
25. degree (1954.55) 
6. post-graduate 
(1956-57) 


1,640 2,920 


806 1,190 
108 156 


eS who passed tne number 
(0.2) and (0.3). 


Riven in lines (051); 
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CONCENTRATION CURVES FOR CONSUMER EXPENDITURE 
Cumulative percentage of total expenditure per 30 days on selected 
items based on the National Sample Survey: 9th Round : 
May-November 1955; All-India Rural 


Number of sample villages 1544 including 8 uninhabited vill 


uges 
Number of sample households 1536 


CMULATIVE PERCENTAGE oF! POPULATION 
Ot BO, 90. 
limit of Percenta, 
ড Ee food food ্ চ 
per capita f rains ees dh | 
expenditure househola Brains total cxpengj. Ear clothing educa. ee = +) 
cape nn for tion cine Services 
a SEC 
(0.1) (0) 
2 
©) 6) 06) (8) (9) 
Share in Ppercen 
| tage of tot S i 
on Ce Ee otal expenditure 
j 3.5 1,5 fi ) 5 
Ee oe ) 0. 
8S. 13 lower 50 P.c. 40.1 34.0 29.4 22.6 ty 2 ন 
আনি ls 22.6 Nig ala 8. 5.6 
109) op 10 p.c. 13.3 17.1 23.2 23.9 3] | মী 
2: 31.0 36.1 55.8 63.8 
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INDUSTRIALIZATION OF UNDERDEVELOPED 
COUNTRIES — A MEANS TO PEACE* 


By P. C. MAHALANOBIS 
Indian Statistical Institute, Calcutta 


The world population was estimated at about 2,600 or 2,700 million in 1956. About 
3 3 . UU 


400 million in the highly industrialized countries like t | 
and Australia—that is, roughly the NATO sho Fe 00 ৰ) easier a) 
j gh Ss tg ith some of the advanced 
neutral countries of Europe like Sweden, Switzerland, Finland, and Austria—have a hig} 
level of living with, of course, a great deal of variation among themselves. These 400 0 
have a total national income of about S550 (US) billion out of. possibly, a world income cf 
2 little over $1,000 billion. The USSR and other socialized countries of Europe with about 
300 million people have adopted a planned economy with rapid industrialization. China 
with 600 million has also started a policy of vigorous economic development. These 900 
million in the socialized countries have a total national income, at official rates of exchange, 
300 billion with an average income of about $330 per person per 


of somewhat less than $ 
Il low but is rising rapidly and steadily; and there are wide 


year.! The level of living is sti 
differences from one country to another. 


maining half of the world's population, or over 1.300 million, are in countries 


d with a few exceptions, like Japan or Argentina, which 
Their total national income would be about $190 billion 
an $150 per person per Year. Nearly 1.550 million in 
1 Turkey and a few small places, but including China) 
on less than $75 per person per year.* 


arge resources in the form of minerals and 
al crops of various kinds, and which 


The re 
which are generally underdevelope 
advanced economies. 

1 give something less th 
(excluding Japan anc 
$110 billion or 


have more 
which woulc 
Africa and Asia 
have to live on something like 

ave l 


The underdeveloped countries often ha 


land, which is being or can be used to produce 
es of economic development. The highly industrialized countries in 


offer great possibiliti | % 
the West already have (and naturally desire to continue to have a to increase) opportunities 
of exploiting these resources to their own. advantage. The “East” (as the socialized countries 
are called) have large resources of their own and are less dependent on the supply of minerals 
+ materials from the underdeveloped countries. However, for both strategic and 
he Eastern powers would continually try to reduce the influence of the 

tries, Which, s0 long as they continue to remain 


veloped coun 
areas of conflicting interests between East and West. 


agricultur 


and Taw 
economic reasons, t 
Western powers on 
underdeveloped, mu 


the underde 
St constitute 


rence held in Kitzbuhel-Vienna in September 


in yash Confe 
osented at the Third Pugwas ence held n 
.oSen! Atomic Scientists, Vol. XV No. 1, January 1959 and is being 
Bulletin of th 


jous ad. 


was pr 
n the Bulletin of the 
f the Editor, 
on in this paper are based or var 2 
lation estimates are subject to many 
I ial rates of exchange fo! 
interpre 


he Atomic Scientists—Editor] 

justmoents and should be used as very rough 
djustments. National income figures are 
1 conversion into US dollars can be often 
ted as broadly indicative of the general 


* This paper 


1958, and appeared i £ 
reprinted herve with the permission 0 

1 Figures giv! 
approximations. Por 
difficult to compares f ee therefore, 
g. The results given d for refined comparisons. 
1d not be at income among countries is extremely uneven. Roughly half of the 


+ over 8 per cent or one-twelfth of the national 


and the use 0! 


misleadin. 


position and shou onal To 
2 The distribution of aA gnibilion, Habis, JE 
population (or over, 1,300 Mb two-thirds of the population have $160 billion, or OnSSitth of the 
income of the whole world. ih the top 5 percent (about 130 million) Have 8325 billion, or almost 
total income. On the Rie en the top 10 percent have nearly 8450 milliards. or about 43 percent of 
i Tes 
one-third of the world inco 
the total income. I 
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The scientific and industrial revolution of the last two centurie. y ঠ a 
entirely by the Western countries, and led to a position of indisputable and behion oe 
military supremacy of the Western powers. The earlier form of SxPloiaHon of the HaSnUys | 
of the underdeveloped countries Was military and political occupation, that is. by the building 
up of large colonial empires. In some countries, for example, in China, 
direct political occupation, but the foreign powers established ady 
This indirect form of economic influence, backed iny 
increasingly more important during the present 
are politically independent bu 


5 was brought about almost 


there was no 
antagcous economic controls. 
ariably by military sanctions, became 
century so that many underdeveloped countries 


t are economically dominated by an industrialized country. 
In this connection I may also refer briefly to the impact of the 

Western doctrine of laissez-faire and div 

it crudely, there has Deen a fendency 

that it is Proper and wise for 

of agricultural crops; and to 


characteristically 
ision of labour at the international level. To put 
for at least one school of Western Ccononists to assert 
the underdeveloped countries to 


Specialize in the production 
continue to export 


agricultural products and minerals to be 
Processed by industrially advanced countries which are in a Positionfto utilize these resources 


With greater efficiency. Experience, however, has shown th 


the level of living beyond a certain limit on the basis of agricultural production alone, ‘The 
USA supplies a Very instructive example. Agriculture is veryfhighly developed, but has to 
be supported by perpetual Subsidies. This being the positionYin the USA, it would seem 
practically impossible for Any underdeveloped country to attain a high leve 
the export of agricultural Products alone. In recent years there 
of the need of economic development through 
countries. It has been generally Assumed, however, that such economic de 
broadly follow the pattern. of industrialization in the 


Since the Second World War attempts have also heen made through the United 
Nations Technical Assistance Programme, USA “Point Four”, Colombo Plan. cte.. to help 
the underdeveloped countries in economic affairs, The experience of the | 
however, has shown that there has been very little gener 
in the underdeveloped “OUniries, “TE is: also being gy 
the level of living, both relative and absolute, 
pre-industrial countries have been steadily in 


at if is not possible to improve 


lof living through 
has Deen some recognition 
industrialization of the underdeveloped 
velopment wonld 


West, essentially a slow process. 


ast twelve vear's, 
al improvement in the level of living 
radually conceded that disparities in 
between the highly industrialized and the 
creasing, 

TIT 


developed Countrie 
dd. For example, j 
Oup), half the pop 
Population hay 


The level of living in under 
of income is extremely concentrate 


country in the underdev 
a day, 


S iS extremely low. 
n India (whie 
ulation liv. 


and the distribution 
h is relatively an advanced 
© 01 less than 10 cents (USA) 
€ more than 20 cents (USA) per day. 

On indirect income derived from the 


ing industries. Unemployment, 
ead and unive 


Facilities for € ed mts 
॥ Medica] care a 0. 
@ great scarcity of scion. ঠ “Te extremely meagn 
A j “nical personnel. 
A very small group of families 
and political and economic influence. 


ployment, is y 
tools of production. 


Naturally, there is also 


Videspr 


largest share of we 


alth, income, 
he Jack of economic 


development 
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INDUSTRIALTZATION OF UNDERDEVELOPED COUNTRIES 


the fewer would be the number of persons who have the effective power of making political 
al economic decisions. This makes it possible for a foreign power to exert HE on a 
Small group of powerful persons to give concessions in favour of the foreign.power. Such 
arrangements, because they depend on the will of only a small group of persons, are necessarily 


Subject to violent changes from time to time. Relations between foreign powers and under- 


developed countries are, therefore, basically unstable. 


IV 

The world situation has changed in a most significant way with the emergence of the 
USSR and other socialized economies. It is now accepted that economic planning in the 
R (and more recently in other socialized countries) has led to a far more rapid rate of 
industrialization than had been achieved in West Europe and North America in the past. 
The Western powers do not any longer have monopoly of ability to supply capital goods and 
technical know-how. There is also a growing belief among underdeveloped countries that 
the only way of achieving a rapid rate of industrialization would be through economic plan- 


ning. . 
the monopolistic superiority of the West in atomic and nuclear 


as also gone. In this situation, it is inevitable that the conflict 
'egard to spheres of influence in the underdeveloped 
This, in brief, is the present position. Recent 


Very recently, 
weapons and ballistic missiles h 
of interests between East and West in 1 


nore and more sharp. 


countries would become 1 } 
corroborate the above analysis. 


events in the Middle East, for example, 

V 
jalization of a country it would automatically follow that 
increasingly exploited by itself. With increasing indus- 
al and economic relations with other countries 


With the progress of industr 


its own natural resources would be lL 
At cCoMmMmercl 


between equals. 

css of economic development would generally broaden 
That is, with the progress of economic development 
volved in making economic and political 
would, therefore, tend to become more 


trialization it is also inescapable th. 

nsingly tend to become as 

[t is agreed that the very proc 

the base of social and political decisions. ; 
and larger number of persens would become 1 
f) 


would incre 


a larger ; itical relations 

decisions. External economic and political re 

SI: tion of the underdeveloped countries into industrialized economies 
ation of t ন 

be and hence decrease the tension 


A quick transforn ক নপতং 
1, therefore, reduce the 0 
n East and West. 
| VI 

° the United Nations passed a Resolution on November 
TB nic development of underdeveloped countries 


apid econor 
q ent and the living standards of their 


sphere of confi 


would 
betwee. 


eral Assemb 


|| 
Phe Ge a more ™ 


yA at ive employm 
5 0 etnnnojHZing Hl nn UOTE J & ‘ 
20, 1950 “‘recognizltt the leve of ph odu omy 25% whole and for the maintenance of inter- 
iSING % ard econo) © lb J 
IEE world e oe WAS need of “an increased flow of interna- 


is essential for 
populations, for th 


F the % 
e growti of nd also that ther 


a it 

z Hl 7 Comm! 

national peace and see his purpose A ম্‌ 

tional public funds” OE port..-On UnEP 

ional publi : copare ref “ T jnterna 
Nations in 1951 “to P' national: ant 


cos, and the 
leveloped countries, @ an 
leremploy™ 175 


tee of Experts was appointed by the United 
Joyment and underemployment in under- 
i“ es to reduce such umemploy- 


tional measur 


Inent and unc 
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This Committee made a valuable review of the position and Cnet RAE 
that economic development was the only radical solution of bonne গ্যাং ln 
ates! assistance, in the form of capital and technical lowes, Was essentit 
purpose. The Committee also made a hed tentative estimate, on 
capital requirements and came to the conclusion that for about 1 
developed countries (including China) the extern 
billion US dollars (or $9.3 dollars per pe 
@ rise of income of 2 


a per capita basis, of 
500 million persons in under- 
al capital required would be about S14 
Tson) per year and expected that this would lead to 
Percent per capita allowing for growth of population. 

In recent years efforts have also been made to give economic and technical aid to the 
underdeveloped countries through the United Nations Technical 
World Bank, International Monetary F 
the Colombo Plan, etc. Tt is. however, 
adequate, and very little improvement h 
countries. Mention may be made, for ex 
In which he has stressed the fact th 
while poor nations are Sometimes e 


Assistance Board, the 

und. USA “Point Four" (under various names). 
মৰ ro 26) 

generally agreed that such efforts have not bec 


AS occurred in the level of living of underdeveloped 


ample, of Gunnar Myrdal’s recent essays and SEES 
at rich nations are getting richer more and more rapidly, 
ven getting poorer. 

It is also being increasingly 
initial stage of industrialization. 
Association for the Adv 


assistance, in the 


appreciated that special efforts hav 
P. M. S. Blackett in his pre 


ancement of Science in 19 


sidential address to the British 
51 stressed the importance of giving external 

form of capital and fechnics 
called “assisted take-off.” He 


al knowledge, during this initial stage which he 
@ per capita basis, and thought 


also made some rough e 
that about £1 

1,000 million or 82.8 billion U: 

1,000 million inhabitants for 


requirement of extern 


eto be made in the 


Stimates of requirements, again on 


one pound sterling) per head per year or about 
S dollars per year 


of external aid would be required fon 
8 or 10 years for effective Iindustrialization. This estimate of 
al aid at the rate of $2.8 US dollars per he 
one-third of the earlier estimate of $9.3 US dollars per 
UN Committee of Experts. 


This wide div 
tentative; and that much more det 
figures.3 


ad per year is less than 


head per Year made in 1951 by the 
ergence shows 


that these estimates are very 
ailed studies would he 


required to supply more realistic 


Unfortunately, 10 eco 
our thinking in this matter. 
matic studies to build up 
development, and 
Supply of external 


omic theory of develo 


It, therefore, seems urgently necessary 


@ general conceptual framework to hanc 
more particularly, to for 


capital and technical aid) 
It is not possible ti 
must be to make each cou 


pment is at present available to guide 


fo start serious and syste- 


lle questions of economic 
mulate a Programme of action ( 


including the 
to assist the underdeveloped cou 


tries. 
iderdeveloped countries indefinitely. 


The aim 
developed to reach Some kind of a steady stage 
Mt is worth noting that the co. টা 


OF NATO powers is about $6 


0 subsidize the ur 
ntry sufficiently 


Xpenditure on defense is of the 


order of $100 billion (of which the share 
USSR about 825 billion) Per year at present; if expenditure 
Tt would be Seen, therefore. that the 
টি : or about $10 billion 
Sed by the UN Committee would 
Percent of the defense budget of A saving 5 3 He oe 
ৰ ‘1 |" Or 
would be More tha 
countries of the 


require- 
dollars per year for 1,000 million 
{o no more than 


3 percent or 10 
} percent. 


As the case may be) in 


ient for the ceconomie development 
world. 


INDUSTRIALIZATION OF UNDERDEVELOPED COUNTRIES 


ur a balanced economy in the course of say 10 years (or 15 years at the most) so that the 


inflow of external aid would gradually decrease and, preferably, cease after 5 or 10 years 
LN H H . ঠি j 
Phat is, it is necessary to make some realistic estimate of the total external aid required 


for this purpose 5 industrially adv i i 
purpose so that the industrially advanced countries can get some idea of the magni- 


tude of the task. 


the UN Committee of Experts in 1951 and by P. M. 8. 


Estimates prepared by 
Some broad general considerations would, 


Blackett in 1957 were both on a per capita basis. 
however. show that capital requirements per head would differ from one country to another. 
The bigger a country (as measured by its geographical area, unexploited natural resources, 
greater would be the possibility of achieving its industrial development 


In a big country it is possible and desirable to push back the manu- 
its capacity to make 


and population) the 
out of its OWn resOUrCCs. 
process to the utmost limit in ord 
out of its own domestic resources. 


facturing Pp er to expand continually 
investments increasingly 
In India it would be economical 


of India as an example. 
vy machines 


dustry which would manufacture hea 
f factories for the production of steel, fertilizers, 
y electrical equipment like big generators, 
onomical gradually to establish large-scale 
Is of many kinds (including the produc- 
s not discovered). Once such basic 
production of electricity, coal, 
c., and then, with the help 
e machinery for the 
y would require a 


We may consider the case 
to establish a heavy machine building it 
equired for the installation 0 
the production of heavy. 

Tt would be also ec 
of synthetic raw materia 
adequate supply of oil i 
possible to expand the 
1 transport equipment, et 
and energy to manufactur 


Tt follows that a big count 


and equipment 1 
aluminium, ete., or for 
transformers, switchgear, ete. 
industries for the manufacture 
tion of petrol from coal in case an 
industries dit would be 


steel, aluminium, 
of such heavy machinery, 
production of consumer goods. 
ely small amount of outside capital. 


are establishe 
fertilizers. mining 2nc 
producer goods, 


increasing 
comparativ 
case of China, with a population of roughly 
billion US dollars, given for cconomic 
ar Plan (from 1953 to 1957), represented only about 
forty US cents per head per year. This 
apid industriali- 


note that in the 


Lt is of interest to 
of roughly SI 


the Soviet loan 
hg the first Five Ye 
head spread over five years, or Sey 
rough to make China “take off on its way to 1 


limit of external capital requirement. 


GOO million, 
development duvi 
two US dollars per 
en quite el 


seems to have be 
a lower 


put is clearly 


zation. 
gn trade is & most 


ransactions (of which forei 
ly small in relation to the magnitude of its internal 


Je is only about 5 or 6 percent and in the 
Tt should not be very diffieult, there- 


1 big country. external economic t 
) would be com] 
SA, for exam 
t of th 
a fairly St 


For « ? 

DATAEIVE 
ple, external trad 
e national income. 
able balance of payment. 


important form 
In the U 
5 percent! 
'y tO attain 


cconomy. 
USSR. only about > 
fore. for a big count 


perspective of time. Factories can 
3 years: large-scale, production of 
heavy 


have @ fairly long 
2 0r 
ake at least 7 to 10 yea 
5 years. The most slowly 


ning must \ 
sumer goods in 


It is clear that pla 
Ve established for the produe k 
steel and other metals, electric 
machinery Duilding and heavy € 


e 5 be that 
maturing Sector would b 
25 to 30 VETS. 


planning for 
177 


tion Of col 
it. fertilizers 
Jectricals wou 
of scientific and technic: 


ete., would t 


ld take from 10 to l 
al manpower which would requive 


28 


A: THE Ny FP STATISTICS  [ Paws 1&2 
Vor.22]  SANKHYA : THE INDIAN JOURNAL OF STATISTI [ 


IX 
In the case of a small country (as measured by its area. 
lation) the problem is more difficult. 
processes cannot be pushed back. 


natural resources. or pupu- 
There is a limit bevond which the manufacturing 
because there is a minimum factory xize below which 
production is uneconomic, in the case of many important conmoditie 
steel etc. It may not be economical for a small county 
facturing industry. because it would 
output every year. 


5 like heavy machines, 


to establish a heavy machine manu- 
not be possible for the country itself to utilize the 
There is also a limit below which it may be difficult to undertake in small 
countries the economic production of steel and 


other metals on a large scale. A small 
country, therefore. 


would have to depend, to a larger measure 
import of capital goods as well as of many producer or 
lization of a small 


than a big country. on the 
consumer goods. ‘The industria- 
natural resources like oil or other minerals 
would presumably require comparatively more external 


country (unless it has large 
which it can export on profitable terms) 
aid. 


Also, the smaller a country th 
trade in relation to its whole e 


© greater is likely to be the magnitude of its foreign 
CONOMY. 
great importance to consider the 
4 paper prepared for the Bandung 


given some preliminary consider 


In the case of a small country it ix. therefore. of 
expansion of foreign trade in desirable directions. In 
Conference of Afro-Asian countries in April 1055 T had 
ation to this problem (see Appendix). 
development is likely to be more or | 
to reduce the same patte 


The developmental plan for 
its own natural resomc 


The pattern of 
But it is not possible 
Small countries. 


CSS similar for Dig countries. 
rn mechanically to scale to suit the needs of 
@ small country 
also to possibilities of e 
Same region. 


must have specific relation to 
xpanding its foreign trad 


S and 
with other countries of the 


cin cooperation 
XxX 

It is Suggested that attempts should be 

groups of experts to study the 

‘leveloped countries. 


made to set up, 
problem of industri 


The aim would he 
economic development ove 


AS S00n as possible. small 
A concrete level, for the under- 
broad str 


alization, at 
to formulate the 


ttegy of planning for 
" a period of 15 or 20 or 25 


=) years, This would imply preparing 
@ rough time programme for the development of agriculture and the establishment of 1nodern 
industries with Appropriate priorities. 


Special attention 
and technical manp 


€ given to the 
ent trends, but with 


Will have to be given to health, 
education, and the supply 


OWer. 


Of scientific 
Consideration will have to b 
an extrapolation. of curr 


expansion of foreign tr 
keeping with and 


a changing 
rapid economic 
specially the underdeveloped c 
will have to be considered; and economic 


measures will hav 
promote both the expansion of trade and the economic deve 
in the regional group. Gunnar Myrdal, for e 
pointed out the advant 


age 
forming, by mutual 


aude, not merely as 
pattern over time Which would be in 


Would also promote development 


টট ও | Naturally, economic 
relations with other countries, e 


‘ountries in the Same region, 


© to he devised which would 
lopment of the countries c 
Xample, in a recent lecture 
derdeveloped countries in 


‘common market" protected from 
and specialization of manufactures within the 


made of not only t 
form of capital and te. 


by the more highly industrialized 


oncerned 
in India (1958) has 
@ particular region 
outside with, however, 
protected area. 


of a Eroup of ur 
agreement, a 
# free flow of trade 

Studies will 


also have to be 
external aid, in the 


he aunount 
chnical knowled, 
countries to Start the 
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but also of the 
ge. which would hav 
proce: 


pattern of 
e to be supplied 
SS of industrialization and to 


t 


UNDERDEVELOPED COUNTRIES 


some kind of a balanced economy has been established when no further 
m developmental loans would be required. Formulation of even 
alue in supplying a starting point for further thinking. 
s available for at least a good number of 
ediately. It would be necessary, Of cou'se, 
the leadership. At the same time, it 


as possible, technical personnel 


associate with these studie 
In fact, one important aim of such studies would be 
cd countries to acquire knowledge 


INDUSTRTALIZATION OF 


carry it through until 
special subzidies or long-ter 
rough estimates would he of great v' 

It is believed that enough information i: 
enable such studies to be initiated imm 


anced countries to supply 
Ss, AS early 


countries to 
for experts from the adv 
wonld he essential to a 
from the underdeveloped ¢ 
10 provide opportunities to 


and experience of planning for 

The task proposed in this section would ¢ 
mation. It may be necessary tl 
me of surveys 


OUNLTiCS. 
personnel from underdevelop 


economic development. 

all for patient study 
0 carry out special surveys for 
with indication of priorities would 
a first step for development. The approach will 
ce made to make rough estimates on the 
indicate gaps in information. As these 
vised; and the process of revision would 
Tt is, therefore, necessary to begin serious 


and the collection 
this 


of much essential infor 
The formulation of a program 
of work as 

Attempts would b 


process would 


purpose. 
indeed be 
have to be of a 


basis of available data. 
the first estim 


a most useful piece 
“spiral type. 
This very 
yaps are filled up, ates would be re 
diselose the need of further informa 


studies as early as ossible. E 
SOE XI 
a sound technical plan for development would 


] conditions within a country Decome favour- 
ral conceptual framework 


1 forces in motion 


tion: and so on. 


formulation of even 


any use until social and institutiona 
fi But the very formulation of @ gener 


d serve AS a powerful stimulus to set social 


It is true that mere 


not be of 
able to industrialization. 
for economic developmen 
for industrialization. 

A munber of coun 
nesia, Egypt and Syria (Unite 
nomic development and would welcome and gr 
in this note. In fact. these countries would 


n such studies There are many other coun 
here 4 hich here 
The 11 jl t 


pies IN W 

jes also, indi 

development. But, ্ think on th 

started thinking or m 5 nd thus help 
give them encouragement j f 
+ pialization. ত 

for industrializ XII 

absolute and relative, 


yess of industrialization, disparities, both 
trialized countries and those which are at present underdeveloped, 
usStriatle 


Gf She dvantages which the highly industrialized colonial powers 
fo) on oiB sense) now enjoy in having preferential access to 
1 Hs লট markets would, no doubt, decrease: but this does not mean 
rials RR ¢ of their absolute level of living. On the contrary, with 
all the countries of the world, it should he 
as to safeguard the level of living 


t woul 
) as India, Pakistan, Burma, Ceylon, Indo- 
already started planning for eco- 
the studies of the type discussed 
p and gladly participate 
eriously interested. 

ovement for economic 
e may have already 


is subject. ‘The proposed studies would 
in the creation of favourable conditions 


S in Afro-Asia, such 


d Arab Republic), etc, have 
eatly profit by 


probably agree to hel 
tries which would be 5 
is as yet no definite m 
viduals here and ther 


trie: 


e also count 
in such count 
ay soon begin 
nt and guidance 


With the pro 
Detween the highly ind 
would decrease. Also; 8 
(in either the political 0 
sources of cheap raw mater 
that there would be any WO 


[ ’ . syploitati 
fuller ‘anc better exP or . ing Interests in such a way 
possible to reconcile conflicting 
g , world. | A উল 
of all the countries of the laGE GL far refrained from promoting industrialization of the 
fie Wo nv sienificant WAY. possibly because they do not wish any 
sn any ‘SE h } 
ountries in aM 
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competition to grow about securing Ee and raw Io tl ৰ ne ন { 1 
markets for manufactured products. - It is true that Western owe EE 
have been giving aid to the value of billions of dollars Sve year to SUE 0) টু cen 
loped countries, but such aid has been extremely selective and mostly LSU - ary | নগর 
Although there is much talk of economic aid, Hg actual SMOG bh ote i me: b Re, 
development is extremely small and forms an insignificant proportion of the tots ge 
example, the total budget for economic and technical assistance Shioiigl the Unite i চ ee 
and the Specialized Agencies like the International Labour Arganizuinn (ILO). ot মত 
Agriculture Organization (FAO), World Health Organization (W H0), etc. amounts is ঢং 
about $34 million dollars compared to something like one hundred times that amount spe nt 
on bilateral aid mostly for military purposes. The primary object of Western aid being of 
a political or military nature, stringent conditions are usually attached. 


The USSR, on the other hand, may be eager to bring about the industrial revolution 


টি 8 J 3 BE” VERE 207 
in the underdeveloped countries as quickly as possible, because this would make them in 
pendent of the Western Powers in economic affairs. 


Which, according to the Marxist view may promote 
USSR and other Eastern Powers do not have any 


This would also create a working class 
social revolution from within. As the 
direct military or political objects in view. 
they can and actually do give economic aid without Strings. 
two or three years since the USSR has started giving 


impact on the underdeveloped countries has been al 


Although it is only about 
economic aid in any large measure, the 
ready very great. 

The basic difference in the outlook of the Wi 
quences. Western aid, primarily military 
to small groups of persons who happen to b 
Serves to preserve reactionary social 
in countries receiving such aid. The 
being increasingly sought by and giv 
and, therefore tend to have greate 


est and the East has important conse- 
in nature, is usually welcomed by being given 
€ in power, often against popular will: and thus 
and political conditions and hamper industrialization 
aid from the USSR and China on the 
en to groups who are more eager for e 
1 popular support behind them. 

However onceitis realized that the inc 
is inescapable, and also that any 


would steadily gain in political and economic influence it is inevit 
try to assist in the process. The advant 


fask with greater honesty, Sincerity 


other hand. ix 


conomic progress 


lustrialization of the underdeveloped countries 


country which actively helps in the pr 


ocess of transformation 
able that both blocks would 
age will lie with that bloc 
and efficiency. 

and guided missiles have m 
of nuclear tests and gradual disarmament would 1 
not by themselves guarantee pe. 


© which approaches this 
Nuclear weapons 


ade the cold war obsolete. Stopping 
2C most desirable 


and welcome, but would 
future peace can be preserved or 
8S may be possible 
Such cooperation would be di 


untries. A quick transform 
countries into modern industrialized economies would eliminate 


In any case, the Proposed studies woul 
the efficient utilization of their economic 


the progress of industrialization, ie 
eS ade in areas ON - 
flicting interests. Gradually, areas of con 


j begin to appreciate the 
advantages of SCOPE industrialization of underdeveloped countries as 
an indispensable condition for world stabil | 


ace. In the 
cooperation. between the two blocks land thi. 
complete or drastic disarmament. 


to persist in. the underdeveloped co 


ly by active 
in principle, even without 
ficult if rivalries continue 
ation of the underdeveloped 
areas of conflicting interests. 
d give guidance 
and technical 
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Appendix 


ECONOMIC DEVELOPMENT OF AFRO-ASIAN COUNTRIES. 

(Prepared for Bandung Conference, April 1955) 
ing basis of Afro-Asian understanding must be ultimately established on 
about a steady increase in the level of living through economic 


Asian and African countries. Anti-colonial and peace 
tially as attempts to secure favourable conditions 


‘Phe endur 
mutual cooperation to bring 


social. and cultural development in the 


movements must be looked upon essen 


for such developments. 
to promote the exploitation of all available natural and human 
resources for the national development of each individual country. The Afro-Asian region 
or even Southeast Asia as 4 whole has such large resources that there is not the slightest 
difficulty, at the technological and economic level, to attain a rapid rate of growth of all the 

om the more advanced countries 


national economies. Much cap and technical aid fr 
ed in the Deginning. with the improvement of international 
available from different parts of the 


ncreasingly 
channeled through the United Nations or 


The aim must be 


ital goods 
Fortunately, 


is likely to become ! 
if such aid could be 


would be requir 
relations, such aid 
world. Tt would be of advantage 


similar international agencies. 
Tt is possible and, 


JN to take action. 
ed. For example, 


f the countries concert 
janent secretariat) may Ve appointed to 
social, and-eultural cooperation among the Bandung 
ould be mainly concerned with the study 
would be comple- 


ld not duplicate but 
t problems in the Economic 


It is. however, not necessary to wait for 
‘able to initiate action at the level 0 
al Committee (with a small per 
f fostering economic, 
k of the proposed Committee W 
range development. This wou 
ch are directed to solving more urgen 
Commission for Asia and the Far East (ECAFE) and the Colombo Plan. 
e might, for example, examine possibilities of long-term 
untries concerned, and possibilities of expansion of inter- 
rrent pattern of imports and exports but 


ily of the eu 
ttern of international trade deliberately 


indeed, desir 
a Standing Technic 
study possibilities 0 
countries. ‘The wor 
of problems of long- 
mentary to activities whi 


ed committe 
nts in the ¢0 
the basis primar 


‘The propos 
industrial developme 


national trade not on f 
jew of promoting a changing pa L 
of all the countries concerned. India at present has 


from the point of v 
directed to the national 
a wood export market for cl 
the current pattern of trad 
development in the import 
Kingdom). Ina dynamic approae 
of the more packyward countries, full 
change thereby but also appreciating bs ট 
trade of all the countries CO at increasing Ie 

ya wide horizon of time. ‘Trade agree- 
xtending Over @ period of 5 or 10 years 
conditi e much greater flexibility than short 
d be to maintain at Am agreed level or expand in a 
total volume of imports and exports (measured, say. 


time. to try t 


tured products. In a static approach, 
ntained which would retard industrial 
in relation to the United 
a rapid industrialization 
Indian exports must 


levelopment 


oth and some other manufac 


e would pe sought to be mai 

ing countries (as had happened in India 
) h, India would actively promote 

ly recognizing that the pattern of 

he possibilities of a steady expansion of the foreign 

ncerned vels of manufactures. 

alls fo! 


pl i Y nee 
The dynamic ap proach ৰ 
টী ন jsualized as € 


tandings ha 


ments and unders 
S, NN 


Prices. term 
ontracts. The ain 
number © 
)$ and. af 


or even more. 
period trade ¢ 
suitable way, over ® 
at constant veal prices 


o change the 
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a way as to promote increasing industrialization of the countries concerned. For oaiple, 
if India can be assured of a steady supply of. say. rice from Burma over a number of Nears 
(preferably at constant real price), then India may undertake to supply not only manufac- 
tured consumer goods but also to help in the industrial development of Burma through the 
supply of minerals, raw materials, capital goods. and technical assistance. Tn this approach 
India must give up the idea of earning large profits through the continuing export of parti- 
cular types of products; and adopt the policy of mutual help and benefit to att 


ain increasing 
levels of industrial development of both Burma and India. 


A dynamic policy of mutual development over a number 
most effectively at government level with, however. 
sector which would be entirely in keeping with the 


of vears can be promoted 
the fullest participation of the private 
economic policy of India. 

As already mentioned, a first step may be to set up 
committee to initiate economic, social, and ce 
preparing long-term developmental se 
essential; and work can be star 
basis by agy 


a small working group or technical 
ultural studies to supply a scientific basis for 


hemes on a regional scale. A large membership is not 


ted with a small group of countries or even on a bilateral 
‘eement between two countries. 


To make a beginning, India may offer certain physical facilities like accommodations. 
library, and a small professional and office staff to serve 
would be desirable to have a direc 
chiefly 


as the nucleus of a secretariat. It 


tor from outside India: and the professional staff must come 


from the participating countries. 


182 


ts 


ht 


FOOD RESOURCES AND POPULATION OF INDIA 
A HISTORICAL STUDY 


By P. C. BANSIL 
Planning Commission, India 


production of food and population of India has been 


presented in this pauper broudly unde hoe separation of Burma, the second world war, 
kb o decontrol and the present position. Figures of production, export and 
import of fool in the different periods have been studied and reasons of increase and decrease in exports 
and imports and shortages and rising prices of food in the respective periods have been analysed. An 
tablish that the shortages and rising prices are not due to pressure of 
The supply of foodgrains today is not the same thing as total 
Marketable surplus in the restricted 


SUMMARY. A historical study of the 
yp five periods, viz, t 


tho partition of India, th 


attempt has been mude to es 
population but to many other factors. 
1 demand is not the sume 
Tho effective demand 
hus created t 
prices and te! 
hing to be pessimistic. 


thing as consumption. 
that of the nonproducers has at the same time tremendously 


he existing disequilibrium in the forces of effective supply and 
mporary Shortages. The food potential of the country is 


production anc 
senso has suffered. 
increased. This imbalance 
effective domand rosulting in rising 
otherwise pretty high and there is not 


1. INTRODUCTION 
ceepted that the production of food in India was keeping 
ation upto the end of the thirties. The Census Report, 
as the ‘Great Divide’ because India was a net exporter of 
je a net importer after 1920. There being apparently 
ation for the period upto 1920, we will 


It has generally been a 
pace with the increase in popul 
calls the year 1921 
ate but becat 
and population rel 
od from 1921 onwards. 

a study of India’s emergence as a net 
1921 could give a sufficient 


I95L, however, 
foodgrains before this d 
about the food 
t study to the peri 
propose to explo 
drying up of her 
opulation on her 


no controversy 
trict our presen 
In this paper We 


importer of rice and the 
pressure of p 


re: 


pe whether 
wheat exports from 
proof of the food resources. 

2, THE PERIOD BEFORE THE SEPARATION OF BURMA 
n, Burma Was the main supplier of rice to India but 
teady pace. Tmports fell down from one million 
half a million tons both in 1923-24 and 1924-25 and reached the 
1934-395, and again came down to 1.7 and 1.6 million tons 
Al trend in imports continued in the first two years 
responsible for these fluctuations in rice imports 
and the cheapest variety. It catered 


Rice imports. Before separatio 
rice imports from Burma did not follow @8 
tons in 1921-22 to nearly 
9 million tons in 
Phis downWat 
factors 


peak figure of 2. 


in the following years.t 
One of the many 


after separation. Lk 
jCe W celatively low quality 

VS . the Burma rice Was of a rela ) j bch variety. 

bg Hh TO op of South Tndians whose favourite dish was Kechichri’ (a prepa- 


to the taste of poorer secti 
ration of rice and pulses). 

C differential of low grade rice in India and Burma, 
1 will show that Burma rice was invariably 
and Bombay. While the price per 


s. 2-11-7 and Rs, 1-3-5 in the year 


Again the study of the pric 
report on the marketit 


1 with the 
s in Burma 


ng Of rice, 
ieties of Madras 


according to the 
varied between R 


cheaper as compared 
maund of such coarse varietie 


ATSC var 


ice i i Burma, 1041, PP- 564-67. 
oti f Rice in India and 
1 Roport on the Marketing [) 
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1934-35.1 The average price of a coarse variety like ‘Kusuma’ in Madras and ‘Pattani’ in 
Bombay was Rs. 3-5-4 and Rs. 3-15-2 per maund respectively in 1034-35. 


The Burma rice 
was being sold at Rs. 3-5-6 per maund, in the city of M 


adras. whereas local rice would cost 
Rs. 4-5- per maund. As for the imports from other countries they also «< 
broken rice of the cheapest Variety. 


Since the supplies of cheap rice were available from outside. the Crop ODE 
Sub-Committee, 1934, recommended that no more area should be brought under rice.2 The 
Various provinces. therefore, made every 
Such crops improved only slightly, 
In the absence of any alternative 
fo reduce cultivation of 
appreciable demand for 


effort to encourage cash erops.#* But the area under 
while that under rice remained practically stationary. 
demand for cash crops, the cultivator found it very difficult 
rice when the prices were falling particularly when there was no 
any competitive crop. 


World demand. From 1909-13 to 1936-37. average world production of rice | 
cluding China) rose from 50.4 to 64.4 million tons, i.e.. by about 25 percent.t The SOULE 
mainly responsible for the increases were India. Burma, Siam. Japan and Koren. Rice is 
consumed mainly by the countries of Asia. In Europe, France 
that too from Indo-China. The World market in ric 
Tudia made efforts to find n 
duty of twelve annas per 
April 1, 1935.1 


is the chief importer of rice, 
€ being thus tight, the Government of 
1aurket for Burma rice in India. 


So much so that a protective 
maund was imposed on all fore 


ign imports of rice with effect from 
This had the desired effe 


rice, chiefly from Thailand, in wh 
to 18,000 tons in 1935-36.5 


ct of shutting off to a great extent th 


© imports of broken 
ich case they steadily declined from 28: 


3,000 tons in 1034-30 


The real position. Rice imports as we have 
pace. Area under cultivation of rice var 
including Burma and 70 fo T2 million acer 
1986-37.6 This shows that though 
rice, it would be Wrong 
that the 


already scen did not keep any steady 
ied only from 80.3 to S4.9 million acres for Indian 
es for India alone during the period 1920-21 to 
India depended on Burma 
to say that she cou ld 
increasing pressure of population w. 


for the supply of cheap 
not produce at home her 


normal requirements or 
as in any w 


AY responsible for these imports. 
‘The real position on the othe 


r hand 
able surplus of rice for w 


Appears to be that Bur 
hich there w 


AS no world demand. 
Was low because of cheap labour. The land there w 


other crop. When it formed part of Indi 
areas. As most of the Burma business w 
with India, Consequently, half of the 
Tt would thus be no Wonder if it were 
Supplies from Burma to adjust the 


ma had a large export- 
Cost of production in Burma 
also not fit for the cultivation of any 


no trade restrictions between the two 
8S in Indian hands, they found it convenient to trade 


Burma trade, both import and export, was with India. 


presumed that India Was rather obliged to get her rice 
Economy of the country as a whole. 


as 
a there were 


Tt would otherwise 


t Report on the Murketing of Rice 

2 Baljit. Singh : Population and Le, 

9 Brij Narain : Indie Before and [বলদ 

+ 385 Vol. II, (Allahat UL 1030). 

_* Rice Report: Op. Cit. p. 9. esha 0g ! 

5 G. B. Tathar and 8, G: Bexj t+ India 
6 Rice Report : Op. Cit., p. 100. 


in Indian and Burma, 1941, pp. 564.67. 
00d Plannin 


Ee J: Pp. 07, (Bombay, 1947). 
Since the Crisis, yp 


Bconomies, Vo, 187, (1945. 
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a, from 1920-21 to 1936-37 was a net 
is restricted to exports 
are to be treated as 


be seen that though importing rice from Burma, Indi: 
Interestingly this is so even when the survey 


exporter of foodgrains. 
Rice imports from Burma in that case 


from India excluding Burma. 
internal trade. 


3. WHEAT POSITION 


sted mainly of rice, her chief exports were of wheat, 


Just as India’s food imports consi 
although she was also importing wheat mainly from Australia. 


tuations in the imports and exports of wheat from year to year. 


1921-22 and 1928-29, while exports after touching 


This fall is said to be the result of increasing 
be the result of 


They showed wide flue 
Wheat imports were maximum for the years 
the million mark in 1924-25 continued to fall. 


demand for wheat at home. But abnormally he 
preceding years.t F ollowing the same logic, howeve 
op of 1929-30 failed to slash down imports to near 
ts of wheat would not, therefore, appear to bear any 
1 examine the factors which governed the import 


avy imports were said to 
17, it remains unexplained 


about the pre-1928 
relation to 
Ss and 


poor crops in the 
how the bumper cer 
level. Imports or expor 
production at home. Let us the 
exports of wheat during the period. 
arket during the ‘thirties’ and ‘forties’ shows 
e position with regard to foreign imports 
srced to impose @ special duty of Rs. 2 
with effect from April, 1931 in the 
tion, imports of wheat 


A study of wheat m 


Imports of wheat. 
uch depressed and th 


that the home market was mm 
ming that the Government Was fc 
and Bs. 2-S- per cewt. on wheat flour 
When even this failed to improve the situa 
f 1931. ‘This, too, could not chee 


became so alan 
per ewt. on wheat 


interests of growers.” 
1 the Wheat Act 0. 


J the downward move- 


were banned unde 
ment of prices. 
in the United Kingdom (C.LF. 
and 1935-36 was Rs. 19, Rs. 20 
"The corresponc at Karachi (ex-store) were Rs. 
This difference in prices becomes greater when 
1 Australia to Calcutta or Bombay than to 
to the Central Banking Enquiry 
tralia to Calcutta Was annas 6, while the 
to Calcutta was Rs. 1-3-3. This explains why Australian 
ty levied by India and probably there being an 
দু s seem to be directly related 


candy (656 Ib) of Australian wheat 
1933-34, 1934-35 


The price per 
don) in the years 
ling quotations 


Liverpool and | or Lor 
0.6 respectively. 
23.8 respectively.” 
to ship wheat fron 


and Rs. 2 
23.6, Rs. 21.8 and Rs. 
tit was cheaper 
from the P 


it is realised tha ট : 
un jab or U.P.# According 


he way 
paund of wheat from Aus 


transport it allt 
Committee, freight per 1 
freight from Lyallp 
ed in spite © 
in India itself. 
1 India and Aust 


UY 
f the import du 
Wheat impor 
ralia rather than any 


railway 
imports continu 
exportable surplus 
to its price parity i 


ts would thu 
effective home demand. 

the Western countries dates 
t touched the million mark 
tuations from year 


Baxport of whet. India’s export ha hh i 
back from 1370. Starting from 310/500 রে হা 1 wide flue 
within a short period of about 14 years. They, however, Show ed wi : 

@ s + 1935-86. 
to year, resulting in their drying up by 


rf বব Cit. p. 40. 
ting of Wheat: Op. : চ f 
Marketing tal Preconstruction Phy eting of Wheat tn 


1. Kovoor 


production and Mark 


rough T° 


1 Report un the 
sabad, 1944. pp. 8-9. 


2 Adapted from GG. 
ho nn) \ b pi : The Present Food Situation in India, Hye 
2 Dr. A. I. Quresi : 
1 Op. Cil : 1934, p. 68. 
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i ports di represent any 
Purchasing power. It is, however, said that these exports did 0 | 1 
ui . 2 ] | | a 
1 surplus but owed their existence to the poverty of the people who NE 
ie their normal food requirements.t This contention seems planus 
pure \ is ‘gon 
face of it and most of the early writers were led aw ay Dy it. 


2 deep study of the question, however, proves this conclusion bo eos দ্র 
Wise opinions have been expressed by experts like Boviley and Kobgrlson \ ন no 
as in the rest of the world, there has apparently been in recent years an ‘over 
of agricultural as compared with manufactured goods 
even the food producing family is a self cont. 
tions in other respects 
the fall of prices.” 


The food-producing village, and 
i 3, Whatever its priva- 
ained unit; and in some cases, whatever its F | 
ঠি i ত i 2 ব। PNCC 0 
its consumption of food has probably increased in conseque: 
: 


That these expor 


i rer he 
ts were not Merely due to the lack of purchasing power of th 
cultivator has also been 


i S ports 

shown by Voelcker. He reached the conclusion that such El 
re, if the foreig 
Were real in the sense that this extra production would not have been there, if the 5 


i ieti 0 WW! ordi im for the 
demand was removed.3 Entirely different varieties were grown according to h 
home consumption and the foreign market. 


The price differential. The R 


explanation that our exports increased 
wheat and barley or 


more of wheat for 
the same more cog 


port on the Marketing of Wheat has given the 
in those years when the price difference between 
Wheat and gram was the greatest so that the 
export. This can only be 1 
ent reasons have to be 


poorer people could release 
egarded as one of the contributing factors. All 
sought for this unsteady movement of exports. 

According to the Report on the 
India was the lowest, yet i 
world. 


Marketing of wheat though the price of Wheat nm 
ompete with the larger exporting countries of the 
ations have prev' 
ence, under the terms of the 
heat has Very rarely 
heats in the U 
Simla in May, 1934 
prices have 


t could not c 
“In recent Years price consider 
Scale for in spite of a prefer 
quarter (480 Ib) Indian w 
and Argentine w! 


ented export on any appreciable 
Ottawa Agreement, of 2 shillings per 
been cheap enough with Australian, Canadian 
nited Kingdom markets. The Wheat Conference held at 


» Also pointed out that “there is no export because for some vears ou 
been above World parity.” 


During 1933, for example, th 
Rs. J-14- per maund at Karachi Railw 
reached during the depression. Again 
Season of that year at Lyallpur, 
ignored, the Punjab Wheat at 
maund as the Railway freig 


1e price quotation of Indian wheat in London was 
ay Station—a price far below 
St this low quotation, 
Was Rs. 


the lowest figure ever 


the price of wheat in the harvest 
2-2. per maund.s Even if 
Karachi could n 


ht from Lyallpur 


all incidental expenses are 
ot be delivered at less than Rs. 2-13-83 per 


to Karachi was Re. -/11/8 per maund. 


939, p. 298; Ranadive : Population Problem of 
: Rural India— Peasants Poverty, 


ils Causes and Cure, 
2 Report on the Improve, 


nent of Indian Agriculture 
[The same 
Pp. 45]. 


Be ls: : John Augustus Voclcker, 893, PP. 294-95. 
18 the opinion of Albert Howard and Gabrialle L.C, Howard : Wheat in Indin-1909. 
3 Report : Op. Cit. p, 44, 

4 Proceedings, Bele 
P. 9; and Jathar & Beri, Op 


50, I. Kovoor : 


Iso Supplement to the Report on the 
+ CU. p. 140. 


Marketing 
Op. Cit. Pp. 39. 
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r ্‌ s 
Naturally the question of exporting any wheat to London, the chief importer of Indian wheat 
did not arise under the cireumstances. ‘The result was that wheat exports during 1932-33 
and 1933-34 slashed down to the lowest figure of 2 thousand tons annually. 


Price parity, it seems, was playing an important role even in the case of internal 
trade. Calcutta market had been the natural and practically the only outlet for the export 
of wheat from the United Provinces. In the years of slack European demand for Indian 
wheat, the market was captured by the Punjab to the detriment of U.P. With the coming 
of Australian wheat even the Punjab was ousted from the Calcutta market.1 

This would mean that the responsibility for the fall in the Indian wheat exports 
lay more than anything else in her inability to compete in the world wheat market, If some 
wheat. was still being exported against all these odds, it was due to the quality® of Indian 
whents and the time when it was available in the European markets. 

WW heat Conference. Tn the presence of such a world situation, India was faced during 
the period with the problem of encouraging more consumption of wheat at home. While spea- 
king at the Wheat Conference of 1934 Jenkins pointed out that one of St reasons RS 
against an increased consumption of wheat in India was the large quantity of Cheng rice which 
was being imported from Burma.3 In the concluding remarks, he again emphasised that the 
only solution of the problem lay in fostering Home consumption and that WS be done by 
a goneral and indiscriminatory reduction in freight rates, and by starting a publicity campaign 
on ‘Eat more wheat’ lines. 
see only two possible ways out. One was the increase 
he other was of prohibiting any increase in area under 


wheat.* The Chairman suggested that the Punjab should consider the possibility of diverting 
5 ¥ 4 irrioated area under wheat to oil-seeds.?. The problem was practically of all 

Percent OF Ts ITE ntative of the Central Province confirmed that there was a good 
diy ELON EE 3 a and that production and consumption balanced with a 10} 
deal of wheat in his Ee ye 400,00.5 He urged that nothing should be done which may 
ন rs he” ee < heat being displaced in the local markets by the Punjab 
result in the Centr 


or Sind Wheat.” 


The Hon'ble D. J. Boyde could 


in the internal demand for wheat, and t 


Crop Planning Conference in 1934-35 decided that 


than 9% million tons of wheat in the country and 
The future of the crop 


e the same end, the 


vain, to achiev 
Agair a 5 


eT 
bE ES Shot Oy oa se the area under wheat. 
that there should be no stimulus to increa 


- EER 3 ৰব 
thus d Jed on world supplies and on India’s policy regarding wheat. 
hus depend 


Import of foodgrains and ঠন 
to refute the accepted theory that 


Our analysis in the preceding pages is sufficient 


causes. E 
a net importer of foodgrains was 


India’s emergence a8 


onomic Research, United Provinces, quoted in 


J. K. Pande, 1939, Pp. 


of Statistics and Ec 
and Kovoor : Op. Oit. pp. 19-20. 


d Days to Come, 
n 1938-39 an : 
Agrarian Reliefs, P- 187 


Op. Cit. P- 5. 


1 Bulletin No. 4 of the Bureau 


the United Provinces Wheat i 
2 Chowdhry Mukhtar Si 
9 Proceedings of the Re 
4 Report : Op. Cit. P- 12. 
5 Ibid. p. 16. 
6 Tid. p. 7. | 
HEE , cinological Possibilitie 
8 Quoted by W. Burns : Tec 
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merely due to the pressure of population. As we have discussed at, i hh i a 
exports of foodgrains were governed by factors other than production or consumy 

RA Tf population was increasing, production was also increasing which SUING, ol UE 
be established on the basis of existing data. We find that irrigated enduring the ie ) 1 ন 
years of the century had increased by nearly 30 percent. Various land improvement Hl Ia: a 
Jaunched by the Government must have also added to the existing food TEHOLTGCS to Bo 
extent. But the general depression of the ‘thirties’ placed Indian agriculture in doit a 
Tt being uneconomical for the Indian peasant to grow more food just for the sake of dumping 
it in pis ‘kacha’ store house, he lost all incentive to put his heart and soul in HBHCUbNG, H 
the marginal food requirements of certain parts of the country were met by i a ion 
does not mean that they were dictated by the existence of a ‘Food problem’ as such et 
the country. The position on the other hand was that home potential could not he exploitec 
fully because of the lack of an effective demand. 


4. THE PERIOD AFTER THE SEPARATION OF BURMA 
. . 6) Ll £3 oo 0 boys V i n 
Burma was separated from India in 1937. In the first two years after separation, 
rice production in India fell to 28.8 and 26. 


: 
I million tons respectively from 30 million tons 
in 1936-37 and from an 


average of 28.0 million tons during the previous quinquennium.1 
In Burma, however, production of rice rose to 5.0 million tons during 1937-38 as compared 
with 4.85 million tons in the quinquennium 1932-33/1936-37.2 Though the production of 
rice fell in Tndia against a slight rise in Burma, rice imports from Burma also fell to 1.3 and 
1.4 million tons in the years 1937-38 and 1938-39 respectively, against the average of 1.7 
million tons during the previous quinquennium. Again, these imports fell when India 
figured Prominently in the import and the export trade of Burma (both accounting for more 
than 50 percent of the shares) and there was free trade between the two countries.! 


Although two years is too short a period to enable us to come to any conclusion about 


this fall in imports, it can Presumably be ascribed to the Indian market being not responsive 
to the imports of rice from Burma. Had it not been for their cheapness,® rice imports 
from there might have totally dried up. These cheap imports made the position so serious 
that even after the Second World War had broken out a meeting of the Rice Committee of 
the Imperial (now Indian) Council of Agricultural Research held in New Delhi on November 
28, 1939 passed a resolution to the eff able steps should be taken to maintain the 


ect that “suit 
Price at a reasonable level and for this purpose, the Government of India Should be moved 
to consider the advisability 


of regulating imports of rice.”’6 


arketing Staff held a Series of informal 


c ned at Calcutta, Rangoon, and Madras 
in December, 1939 and J Anuary, 1940. Tt was found that Calcutta and Madras being important 
he whole rice Position and are, in turn, 


1 The Food Statistics 
2 Estimates of Ar 


’ dased on Seaborne trade of India 
4 J. Russel Andrus : Burmese Economic Life, Ai i i 
» Ame. i i 
FBGA DA Phen TERE OED rican Institute of Pacific Relations, 
5 Rice Report: Op. Cit. PP. 564-65. 


8 Rice Report: Op. Cit. P. 198. 


1947, Dp. 167, 
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From the informal discussions which took place 

the rice millers at Calcutta and Madras that the 
feguarded if the price of Burma rice 
as maintained at a reasonable level, viz.. Rs. 3-S- per maund for 
and for broken rice of a quality equivalent to Broken 


feasible if Burma undertook to control 
a according 


affected by imports from Buma. 

a the time, it was accepted by 
interests of Indian paddy growers would be sa: 
imported in to Tndia w 
Small Mills Specials ex-dock Calcutta 
No. 3 delivered at Madras. ‘This was thought to be 
exports to India by means of licences and reduced or increased shipments to Tndi 
as the price of Small Mills Specials fell below or rose above the parity of Rs. 3-8- at Calcutta. 
Millers and traders in Rangoon, Were also not opposed to the idea of regulating imports of 
aken to give Burma & larger share of the Indian market by 


rice provided steps were t 
n foreign paddy and rice.X 


imposing fairly heavy duties 0 
ar had not taken 


ents would have been if the W. 
dictated by the 


Ve do not know what the course of ev 
‘3 even during this period were 


a serious turn. Tt is, however, clear that impor 


pricing factor rather than by anything else. 
0 be governed by the price factor as 
e international wheat trade in 1936-37 and owing 


to favourable price parity India too got her share. Her exports went up to 285 thousand 
tons in that year and 539 thousand tons in the following year, a figure which had never been 
reached during the last decade. The chief reason for these heavy exports might be the falling 
wheat prices in India after March, 1937 when the duty on imported wheat was not renewed. 
Tt was reimposed only on December T, dden rise. 


1938 when the internal prices showed a 51 
The presence of a bumper wheat crop of 1938 in Canada and America helped further to 
ket. 


oust Indian wheat from the foreign mar 


s of Indian wheat ir 
nics and Intelligence, 


Imports and exports of wheat also continued t 


before. There was a small recovery in th 


and export 2 1938-39 depended upon its price 
U.P. during this 


That the imports 
of the Bureau of Econo! 


will be clear from a study 


period. 
ondon began to close up after 
er, 1938 and ceased 


ice margin for Karachi wheat in L 
study that India's 


August, 1938, so much 50 that it remained only & few annas in Septemb 
to be quoted after October, 1938. It is also quite clear from the same 


wheat exports followed these fluctuations i 


Tt shows that the pr 


in prices. 


dled from August, 1938, there was 8 corresponding increase 


When wheat exports dvwir 
in its imports. This i Decause of the inability of Indian wheat to compete successfully 
with the Ai ft ali heat which not only drove out Indian wheat from European markets 
TOE It that the imports of 


i Jet, with the resu 
but also offered competition even he Indian market, vith the 1 Ae ote ids in 
wheat into India went up from 


in t 
8 in 1937-38 to 
1938-39.8 


34 thousand tor 


d rice would show that it was always 


‘1 trade in wheat an 
ja’s foreign trade in whe: c 
a : tional grain market. 


is al is of In 2 
Bra vailing in the interna 


governed by the pricing parity Pre 


1 Rice Report: Op. Cit. PP- 198-201. 
i 140. 

2 Jathar and Beni: oe 

United Provin Theat, OP- Cit, Pp. 6. 
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5. THE SECOND WORLD WAR AND FOOD 


Early in 1939 War clouds were hovering over Europe and every country WIS EON In 
stockpile foodgrains. This will perhaps explain the rise in Indian imports of লে 
during the year, 1939. Rice imports alone amounted to 2 million tons, the highest in 
import history of India before 1939. 


Immediately thereafter rice imports fell below the pre-war average. They came 
down to 1.3 and 1 ENG tons in the following two years. War had not spread in the Eastern 
theatre as yet and there was practicall 
East Asia, particularly Burma. But this fall in rice imports seems paradoxical when we 
study the production figure of rice in India and other ST 
India in 1940-41 stood at 23.8 
In Burma and Siam, however, 
highest ever recorded there. 
that pressure on internal reson 


y no difficulty in importing foodgrains from South 


A countries. Rice production in 
million tons. the lowest on record, during the previous decade. 
production was 5.7 and 3.4 million tons! respectively, ihe 
This would seem all the more paradoxical when it is realised 
rces had also increased due to the demand of the amy. 


i ap NEOUS Bats | dd to 
There were also other war-time demands on India’s food resources. She ha 


Support foreign troops stationed on Indian soil and to meet certain demands of rice and wheat 
from her neighbouring countries like Ceylon and her own troops serving in Iran, Iraq and the 
Middle East, 

Moreover, the trend towards mbanization and employment opportunities provided 
by the war attracted people to the cities. Speculative hoarding of large stocks by consumers, 
Producers and merchants also aggravated the situation. Coupled with this was the 


tremendous wastage of food. Although there was no actual fighting on the Indian soil, 
the bombardment of the et 


astern borders resulted in the destruction of large stocks of food. 

Rationing introduced in 1943 also resulted in wast 
figures of the wastage are not available an idea, c 
Grains Investigation Committee 19. 
lost in transit in 1949. 


age of food. Though year to year 
an be formed from an estimate of the Food 
50 that as much as 13 lakh tons of foodgrains were 


demand, the supplies of food from 
India was actually a net exporter of rice 
Again, there was a sort of a,permanent shift in the 
Ame a net importer of wheat instead of an exporter 
though not very large during the period under review 


'Y exceeded even those of rice in the Post-partition years. 
With a, record wheat crop of 11.2 hen her net exports of 


foodgrains were of the order of 


FOOD RESOURCES AND POPULATION OF INDIA 

that food imports during the earlier period when the number of people 
less, were not required to meet any inherent demand of the 
DEUplG: The Bengal Famine of 1943 may be quoted as the biggest calamity of the period. 
Phe blame for. the famine, however, lay not in any real food scarcity but elsewhere. In 
fact the position in the couitry from the point of view of food stocks was thought to be 


Justified in asserting 
required to be fed were surely 


quite normal. 

Without elaborating this point, it should be sufficient to note in this connection 
the remarks of the Bengal Famine Inquiry Commission which pointed out that “the greater 
part of the population of Bengal did not suffer from lack of food in 1943.1 The Commis- 
sion further stated that after giving due weight to the greater difficulties faced by the Bengal 
d the conclusion that it lay in the power of the Government of 


ft +O] #6 . 

Government, “we cannot aVvol 

Bengal by bold, resolute and well considered measures at the right time to have largely 
umine 


prevented the tragedy of the fa as it actually took place.” 


‘Pwo IMPORTANT MEASURES 
terrelation of the Bengal Famine with the 
amine the two important steps— 


6. 


Having satisfied ourselves about the in 
food resources of the country, it becomes necessary to ex: 
the Grow More Food Campaign and Rationing—taken by the Government at that time. The 
Grow More Food Campaign Was launched to save the cultivators of cash crops from ruin as 
well as to increase the production of food. The object of rationing on the other hand was to 
watch the interests of non-producers, particularly those who were employed in the essential 
would see many of the compl yomy of the country 


ications in the food eco 
ts in the decade that followed were directly connected with 


Services. As we 
including increasing wheat impor 
the latter step—rationing. 

The idea to launch the campaign Was to increase produc- 
cultivation anc t up into various 


areas from ¢ 


1 the scheme Was spli 
ash to food crops, 
manures and fertilizers, seed multiplication 
ultural machinery and implements. The 
sion of land from short- 


Grow more food cam, pain. 
tion both by extensive and by intensive 


heads like reclamation of lands, diverting 
und improvement schemes, 
and provision of agric 

in the field of diver 


major and minor 


irrigation projects, lt 
and distribution schemes, 


d, however, be achieved only 
: 


main success coul 
Staple cotton to foodgrains. 
aunche 


Nonethele 
Laps due to 


d early in 1942. As a result there was immediately 
ss the area under rice and wheat did not show any 
the cultivator's fear that any increase 
| will glut the market. This view is confirmed by the assurance 
f India on May 20, 1942 that “should any development Gn place 
+ of the food hey will buy such quantities of food stuffs 
j British India or the Indian States, as are calculated to pre- 
When even this failed to instil confidence into the culti- 
the Food Department on April 3, 1943 in a press note. 


The campaign Was l 
a fall in the area under cotton. 
appreciable increase. This was perk 
in the production of fooc 
given by the Government 0 
Which will affect the saleabilit 


in the open market, whether In 
piCCS. 


Crops: t 


vent a serious fall in the P ঢা 
vator: Et as repeated VV 52 £ hb ক 
einige ১ ৬ কথন লা of the cultivators also proves incidentally the point that there 
Such an attitude on the Pt 

1 Report : Up. Cit. p. 65. 

2 Report : OP. Cit. p- 109: Food Administrations 1954, b. 125. 


3 Quoted by Sir Henry Knight : 
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was enough food in respect of demand in the country, otherwise they OH "পল 
the opportunity of producing more food on land than lying fallow. 1 ‘Spite i be J £ 
area under rice in India had Deen steadily increasing. Tt was this increase ba 10 
under foodgrains that helped India to tide over the situation brought about by war. 


Rationing. Tf India was not deficit in wheat, what made the imports of this com- 


. . 2 E' ও ৰ্‌ ti ing 
modity necessary ? An answer to this will perhaps be found in the scheme of food rationing 
which was introduced from early 1943. 


Unprecedented transport bottlenecks which hampered the free flow be RN 
from surplus to the deficit areas! and other wartime conditions helped to intensify loca 
Shortages of foodgrains. 

Rationing was, therefore, introduced firstly 
and the non-producers and secondly to check inflationary prices. But the scheme involved 
certain commitments on the part of the Government for the fulfilment of which it was neces- 
Sary to secure some stocks of foodgrains. It was this need which forced the Government 
to tap external sources when they failed to procure the necessary stock from the home market. 
Such steps which had already been taken by European countries like Germany and England? 
did not in any way indicate the existence of any shortages at home. Mr. W. H. Kirby, 
the British expert on rationing who had been invited by the then Government of India for 


advice had declared that ‘when supplies are ample, rationing is necessary for effective mobi- 
lization of resources against emergency .3 


to meet the demands of essential services 


Procurement. With the intr 
to meet its commitments. 
conditions then prevailing in 
considered Necessary 


oduction of food rationing, 
Purchases from the open m 
the country. 
for the purpose. 
owing to the Non-cooperation of the v. 


Government needed stocks 
arket were not possible under the 
A system of procuring foodgrains was accordingly 
But even this scheme did not prove very successful 


arious States—hoth surplus as well as deficit — with the 
Centre. Surplus Provinces like the Punjab had a Strong feeling that the other parts of India, 


specially the industrial areas, had unjustly been making a profit during the depression by 


living on cheap Punjal grains. ‘They insisted on making good that loss and claimed special 
treatment in the matter of rationing. 


This was only one reason milit. 
procurement. ‘The other as stated by 
“Procurement” in its whole history 


ating against the smo 
Mr. Masani was th: 
» According to him, 


oth working of the policy of | 
at of defective policy of fixing price. i 
“never reached the desired level.”5 


138. G. Beri : Basic Principles of 


Minimum Living WW. 
Pp. 12; 


WYe— A Review of Price Control in India, 1943, 


2 Germany did it in 1937. 
Journal of Economics May, 1941) 
Rationing and Supplies, 


(Rationing and Control of 


}* Rationing in Eng 
1944, League of Nations). 


3 Quoted by Rabindra Nath 


ood supplies, J. M. ‘Tinley, 1949, 


Quarterly 
land was introduced on Jn 


imuary 8, 1940. (Food 
Chatterjee: Price Control and Rationing in Tndia, March, 1943, p. U8. 
+ Sir Henry Knight : Food Administration, Op. 


Cit. Dp. 154, 
5 Legislative Assembly Debates, Vol. VI, 1946, p. 483. 
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JT. ‘THE BASIC PLAN 

Plan to assess the food requirements of the onl PS it Ee 
deficit, the whole thing was thrashed out in ৰ ত 
ative to secure as much as possible from the surplus 
ie deficit ones. There was actually @ sort ofa tug 
to secure the maximum for themselves. 


mp TH ন 
Phe Food Grains Policy Committee, 


they were surplus or 
were made by the Central represent 
as possible to t 
esentatives each trying 
an in 50 far as rice, wheat, millets and maize are concerned .! 


states and supply as little 
ঢ war between the various repr 
Table | gives the working of the Pl 
TABLE 1. WORKING OF THE BASIC PLAN 

LL ———— 


allotments 


deficit surplus gaps bet- made from titi 
year declared 50 ween2& 3 the sur- Ee) 
by States declared pluses and moved 
imports 
(1) (2) (3) (4) (5) (6) 
all figures are in tons 
* 1942-483 1,940 872 1,074 L117 1,106 b 
1943-44 4,095 2,236 2,759 9,757 2,584 hi 
1944-45 5,867 1,993 3,574 3,284 3,055 
1945-46 5,081 1,754 3,297 3,221 2,972 
1946-47 4,044 721 3,323 3,363 3,248 
SE 
for 1942-43. 


* Rico and millets only 
ate under column 4 of Table I 
h imports. As deficits 


s continued to 


lus declared by the St 
and they Were met throug! 
Juses deflated, these gap 


veen deficit and surf 
authorities 
y inflated and surp 


‘The gaps bet 
t worry of the 


were the constan 
mall 


by the provinces were nor 


widen. 


while discussing the food situation 


his point clear when he pointed 
ent, procurements in the 


ood Minister, 
1946 made t 
y being 40 perc 
his surplus.* 

pnment had to supply food to about 
ents were to be honoured, it Was neces- 
But the machinery for the procurement! 
1 was not fortheoming 


a Prasad, the then T 
Assembly in 
in the count, 
ent of t 


Dr. Rajencdr 
in the country in the Legislative 
out that the ‘marketable surplus’ 
country (3.3 million tons) were only 16 pere 
r time commitments, the Gove! 
Tf all these 
jetable" surplus. 
es and 


Besides other wa ke 
commitn 


58 percent of the population. 
hole of the 
hands 


‘mar! 


of the provine full cooperatior 


sary to procure the Ww 
of foodgrains was in the 


from them 
v of Basic Plan aptly remarked! that 


while describing the working 
1 the constitutional handicaps of the 


Sir Henry Knight | 
the Plan, owing to the selfishness of human nature and 
id 0D 
) y F ihistrution Op. Cit. Pp. 183. 
1 Adapted From the Fool Administ! ' yovember 4, 1946. Vol. VIL, 1946, pp. 465-66 and 470. 
targets. 


Legislative L FGA 
lifficulties In fixing 


2 Proceedings of the 
8 Sir Henry Knight: 
1 Ibid, p. 1ST. 
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Government of India in dealing with self-governing Provinces and States, met sith many 
difficulties. The vicious circle started by rationing had permeated our body politic to such 
an extent that it became evident that imports of foodgrains were necessary to maintain 
the distribution system from toppling down.t The position became still worse after the ond 
because of the inflationary movement which was in evidence from the second half of 1946. 
With the expectation of a sellers’ market thus created, both the producer and the trader 


turned to hoarding in the hope of making profits.* The whole situation was further vitiated 
by black market prices. Such 2 


Procurement, thus necessit 


were the conditions which hampered a successful policy 
ating increased imports. 

Having examined the rationing and pr 
the Basic Plan, we are now in a, position to fir 
India’s emergence as a net importer 
foodgrains procured wheat procureme 
Percent; while rice procurement inva 
course left to meet wheat commitmen 


ocurement systems as well as the working of 
1d an answer to the paradoxical situation of 
of wheat in increasing quantities. Out of the total 
ts were the least and constituted hardly 10 to 15 


iably represented more than 70 percent.® ‘The only 
ts unc 


ler the circumstances was by way of imports. 
As for the general position, the cultivator felt insecure and developed an apathy 


towards the city population in the words of Mr. Krishan Chandra Sharma. The conflict 
according to him was between the man who produces and the man who enjoys.* 


8. THs PERIOD AFTER THE PARTITION OF INDIA 


The year 1947 witnessed a new epoch in our food history. 
economy of the country, which was ae homogenous unit, w 
million acres or nearly 83.6 percent of the total 
At the time of partition, the total Population 
million. After partition it was 337 million for Indi 
The area between the two countries was thus diy 
their respective populations. But for 
country, it is Necessary to consider 
under cultivation and such lands 


As a result of partition, the 
as disrupted. India got 562.6 
area leaving only 16.4 percent for Pakistan. 
of India and Pakistan was estimated at 417 
& or nearly 80.2 percent of the total. 
ided practically in the same ratio as were 
& correct appraisal of the agricultural position of the 
also the factors like the irrigated area, the area actually 
Which can be brought under cultivation. 


Net urea sown und urew under food. Out of 


i © total net sown area of 286.6 million 
acres, the share of Pakistan was hardly Which may be increased by another 2 


Or 8 percent to account for the Pakistan States. The total was accordingly not more than 

18 percent and even in the matter of total area under food crops, Pakistan did not get more 
se . 2% 

than 19 percent. The Position of Pakistan Would thus seem to be in no way better than 

that of India in so far AS area statistics are concerned. b 


15.6 percent 


Irrigated. areas. Pakist 
percent of the double cropped 
factor which is said to he 


a's immediate gain, 
drea and 29 per 
responsible for 


however, was that she 
cent of the irrigated area. 
dislocating the 


acquired 21.4 
This is the only 
of India. But 


food cconomy 


t Cf. Also Dr. Anwar Iqbal Qureshi: Op. Cit. Pp. 6. 
* Cf. Sir Henry Knight : Op. Oit. 


P. 267. 
# Indian Food Statistics, 1949, PP. 32.35. 


+ Legislative Assembly Debates, Vol. V্Tা, 1946 P. 486. 
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DOtentiga বধ yg 
য resources of India are more than sufficient to make up for this loss when i 
AUS ’ TT + . 
ed that our irrigated area may touch the 100 million mark against the then 5 dj EE is 
en b ion 


acres when all our projects are completed. 
ee Culturable areas. The area of cultivable land in Pakistan is not much. Though 
cannot lay our hands on any reliable data in this regard, available facts and figures 0 


sufficient to prove our contention that the possibilities of extensive cultivation there are 


very meagre, while India has huge potentialities in this regard.’ 

An analysis of the total production of cereals will present practi- 
The Advisory Board of the Indian (then Tmperial) Council of Agri- 
culture Research (ICAR) estimated the average production of cereals in undivided India 
at 60 million tons. The share of the two dominions according to the Council, was in the 
ratio of 80 and 202 on the basis of average production figures. This ratio apa tallies with 


that of the division of population and area between the two countries. 

More than 90 percent of the population of Pakistan being rural, the consumption 
of cereals is also appreciably higher there. This is confirmed if we take the net availability 
of these commodities3 as equal to the actual consumption levels in the areas concerned. 

The study of agricultur in India before and after partition would be in- 


complete without a proper appreciation 0 At the time of 
partition, two powerful forces were at play, One Was the 


disruptive force of communal exclusiveness which 1 
an independent State. 


territories and their constitution into 

and uniting force of enlightened mutual interests in a free and resur 

away the barriers that separated the Indian States and Provinces. 

as we have seen, @ loser in the matter of irrigated and double cropped 
to see how far this loss was 


je Provinces were concer! We have now 
“Princely India.” The position with regard to area and 


made good by in. ট 
population of States befor fer partition 1s given in Table 2. 
PAKISTAN AND PRINCELY STATES 


TABLE 2. INDIA, 
i Pakistan Total Indian Pakistan 
In + States States States 


United L 
Union 


India iis, EE TTT 
1012 781 231 458 376 82 


area (million acres) 
% 93.2 89.0 4.2 


population 1941 
(in millions) 389.0 318.9 70. 
tates was 45 percent of undivided India with 


he total area of S ৰ 
ortion of these States came over to India so that after 
f the area of the Indian Union while their 


48 percent 0 
The contribution of these States to the net 


Food production. 
cally the same picture. 


al economy 
f the position in the princely States. 


pulling in opposite directions. 
ed to the secession from India of certain 


The other was the revitalizing 
gent India which swept 


India was, 


areas in so far as tl 
the integration of 
e and a 


ed. 


Before partition; th 
only 24 percent population. A major P' 
partition, they constituted as much 28 


t. 
share of the lation was only 28 percen 
ie popu only 2 percent of the total (60.8 


million acres in a total of 241.9 


area sown was, however, 
million). 

September, 1956. 
Policies in India, 


blems and 1954 p. 55, 


i ] India, 
EE Ee Wr ST Nonllalnnl Pro 
2 Quoted by 3. Thirumalai : Post Ban 


3 The Food Statistics : Op. 
50, Pp. 5+ 


+ White Paper on States, 
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it is difficult 
It is true that much of the area in the States was underdeveloped, but it is পল 
i ] Tr of : reporting 
to believe that the percentage of uncultivated area was so high. A study of the rep 
and non-reporting areas in the country, would also justify these doubts. 


© Out of a total of 781 million acres, returns from not more than 50 oe ৰ ' ৰ 
acres) were based on complete enumeration. ‘The remaining 50 BOATS hac iW 
224 million acres or 28 percent of the Union and 60 percent of the States ট LS ন non ৰ 
porting. This in other words means that land utilisation retumns were ine tecldhe ay" on) 
40 percent of the area of Indian States. Unclassified area in the Indian Union in 1049-; 


i 5 milli 2.7 perce FAS in 
was estimated at 196.2 million acres. Out of this 182.5 million acres (92.7 percent) was i 
the States.1 


As against this, the only two States of any consequence which SECU over to Rl ee” 
were Bahawalpur and Khairpur, a major portion of which was reporting. Tn Hg ligh i 
these facts, the view that the integration of States added to the responsibility of the Dia 
Union in the matter of food supply sounds utterly erroneous. More such diserepancies ol 
now coming to light with the availability of improved data and the elimination of eel 
Which were responsible for under estimation. Rajasthan. for example, has shown A HOTELES 
of 15.3 million acres in the net area sown from 1948-49 to 1950-51. There was again a gap 
of the order 63 million acres in the area according to the Surveyor General and the Village 
Papers. This gap in the year 1950-51 was reduced to a mere 7 million acres. Area Under 
food alone increased by 7.2 million acres in 1953-54 over that of 1949-50. ‘The Planning 
Commission in their Progress Report have accepted that this is mainly due to improved 
Statistical coverage since 1949-50.2 This is only one instance. The same is true in respect of 
other States which came over to India. 

This was not all; 


even the yield per acre was underestimated to a great extent in 
these areas. 


Table 3 gives separately the estimated 
(reporting areas only) 
1947-48.8 


average yields per acre of all cereals 
in the Provinces and States separately from the year 1936-37 to 


TABLE 3. AVERAGE YIELDS OF FOODGRAINS IN PROVINCES AND STATES 


— = = 


provinces 


K States 
period 

- yield in ib. percentage yield in Ib. percentage 

per acre decrease per acre decrease 

1936-38 651 —— 552 — 
1938-49 639 2 515 রা 
1942-45 640 2 472 14 
1945-48 594 9 327 41 


As the areas in the States w 
it seems rather incredulous that the 
9 percent in the Provinces during th 


ere practically interwoven with those of the Provinces, 
yield per acre fell by 41 percent in the States as against 


© course of a decade. There is nothing to show that the 
iThirumalai : 05.0%. pT, TTT 


2 Five Year Plan Progress Report for 1953.54, p. 57. 
3 Adapted from Estimates of Area 


d Yield Op. Cit. and A ricultural Si i i ia for 
lias : . ls $$ 
1948-49, El ituations in India 
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h inferior as compared to that of the: Provinces. But even if this 


soil in the States is muce 
explain such a heavy fall in the average yields-in 


hypothesis is accepted, this alone cannot 

the States. 
Underestimation of the area sown in the States and the yields therefrom thus gave 

“ wrong notion of the food position in the country. “Otherwise it does not stand to reason 

that 48 percent of the land area could not feed even 28 percent of the population. 

and two important points. Firstly, in the absence 


t to assume that India suffered on the food 
e fallacious to think that the 


'Phis analysis helps us to underst 
of reliable data from the State areas, it is not correc 
front as a result of partition. Secondly, it would seem quit 
a liability on India in the matter of food. 

Disturbances and food. We can thus conclude that as a result of partition of India 
there was no worsening of the food situation in the country in relation to its population. 

vement of as many as about 12 million 


urbances, resulting in the mo 
disrupted the economy of the country as a whole. 


Many of the agriculturist refugees from 
who had well irrigated lands in West 
ld not be made available to them 
to settle in urban areas. 


States were 


But communal dist 
people on both sides of the border, 


There was a dislocation in occupations. 
Lyallpur and Montgomery Districts of the Punjab, 


Pakistan, felt disgruntled when suitable lands cou 
There was, therefore, @ tendency on the part of many 
altivated by Muslims, thus. remained mncenltivated. 


oe increase in the area of fallow land since the pre-war 
10 restrictions on the cultivation of commercial 


production caused by large scale movement 


immediately. 
Most of the land, previously cn 

“There has been a noticeabl 
period, due perhaps in some measure, firstly, 


crops and secondly to the dislocation in normal Pp j ট 
of refugees after partition unsett ns of tenure following the several reforms, which 
gee ) : 


are in different stages of implementati f credit and supplies and adverse seasonal 
»2 Table 4 gives the ] cereals for three years during 1946-47 


heat as well as other 


led conditio. 
on, shortage © 


area under al 
kharif cereals separately. 


CEREALS 1946-1949 


conditions, ete. 
to 1948-49 and under wl 


TABLE 4. AREA UNDER 
year Ss wheat বলল 
nd (million acres) 
1946-47 187.4 23.0 30.4 
1947-48 169.0 19.4 13.9 
1948-49 167.7 20.4 11.6 


* Small millets only. 


fell from 187.4 7 


a under cereals 
reals 


The are 
in 1947-48. While the tot 
year small millets alone Su rly CONES 


49 had 20° ortage thus felt was 


Wheat acreage for 1948- #7 a The foo A Bh 
normal throughout the year UTD. 


1 Cf. Foodgrains Investigation Go! Aiea arts 
2 Agricultural Legislation in India, Vo 0 

Tceonomies and Statistics, Ministry of Food 
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million acres in 1946-4 


fell by 18.4 million acres 
5 million acres. 


red Shows that t 


qeural Prod 
Agriculture, p. Vi. 


7 to 169.0 million acres 
in the post-partition 
The fact that the 
he conditions had not become 
purely temporary. 


puetion and Development, Directorate of 
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Increased rationing commitments. The situation became complicated in so far as 
Government commitments increased tremendously in 1947. Population under teats 
swelled up from 1.6 million in 1943 to 148.7 million in March 1947. After TORBEN, 
population under statutory rationing went up by about 1.3 million, though there was an over- 
all decrease in the rationed population because of a fall in the non-statutory area. But ‘the 
Government commitments were enhanced by an increase in the area under statutory ration- 


i i issue very rati card 
ing, as an assured supply of foodgrains was required to be issued to every ration et 
holder in such areas. 


The situation could only be tackled by the Government either by stepping up tie 
Procurement of food or by importing it. World food situation in 1947 was not very bright. 
Balance of payment position was also adverse. 


with the result that food imports fell to 2.6 millior 
1946-47. 


There was an acute shortage of dollars, 
1 tons in 1947-48 from 3.1 million tons in 


The procurement position was not better either. 


Figures for the three years 1946 
to 1948 were as follows. 


a EES SEE 


year procurement 
(in thousand 
tons) 

1946 3,091 

1947 4,079 

1948 2,650 


With a fall in procurements as well 
the Government was in a very tight cor 
thousand tons w! 


as imports, and an increase in its commitments, 


ner. Closing stock for the year 1947 was 645 
hich were the least held in the enti 


Decontrol. 


tee, 1948 which was set up for the purpose 
on September <! 1O4T, The result was that the population under rationing came down 
from 147.9 million just before the introduction 
low a figure as 71.5 million by the end of 


An interesting point to note in this Connection is that these controls were done 
away with in a defeatist attitude.3 Wh, 


en a country is under a controlled economy for 
@ number of years, the success of such an 


experiment depends w the abili J0vern- 
ment to make available sufficient Supplies চ Pon the ability of the Go 
ment at that time were the least in the 


to the Non-producers. 


, The stocks with the Govern- 
rationing history of t 


he country. The necessary 


ate of E, a ন A? 
2 ATOC Economic Review, Vol. I, No. 1. OAS: SH Statistics, 1954 PP. 168 
8 There are opinions like that of N. V. Sovani (P ye 
ost. W jon 1 ! 
according to whom decontrol was launched ar Inflation in Tndia—A 


In most favourable circumstances. 
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concomitants wer s CONSPpi i 
hitants were thus conspicuous by their absence. Controls, bad as they were, could 
: : 


no 2 relax: i i 
ot be relaxed in such an unceremonial fashion. 


The country Ww ring ঠা 

vital factor in the sheng sete er i 
Y } Y , administrative chaos and 
allied factors added fuel to the fire. As a result of an over-burdened and ill-adjusted transport 
System hoarding and black marketing, the prices rose sharply. These disruptive forces 
gained strength, because of the inability of the Government to meet the requirements of even 
those areas which normally depended upon the “marketable surplus.” The vicious circle 


thus started gathered momentum and the Government had soon to retrace its steps 


ate result of decontrol was increased prices. The wholesale 
p from 296.2 in September 1947 to 396.6 in 
f food prices threw the Government 
Controls were reimposed in 


Recontrol. The immedi 
price index in the case of food articles shot u 


September 1943. This rise of 34 percent in the case 0 
in panic and the situation demanded immediate remedy. 
September 1943. 


The Government remained wedded to the policy of con- 
normal? in 1949-50.8 


Intensification of controls. 
y had become practically 
ents, the Central 


trols though the food situation in 
an orderly redu 
onsibility of 
ler rationing went up from 
lion in 1950. 


the countr) 
ction in their rationing commitmt 
feeding the deficit areas 2s well as a 
80.4 million at the 


Instead of bringing about 
Government assumed supreme resp 
majority of non-producers. Population unc 
ond of 1948 to 119.6 million in 1949 and 124.5 mil 
facing the Government under 
tween the quantity of foodgrains procured 
the production as @ result of the 
s rarely reflected in increased 


d to production. The problem 


ablish a relation be 
In fact any increase in 
or the favourable weather Wa: 


Procurement unrelate 
as to est 


t home. 


these circumstances Ww 
and their production @ 
‘Grow More Food Campaign’ 


procurements. 
ouched the peak figure of 46.01 


1 1950, for instance, t 

Juring the previous year. The procurement of food- 
Tmports thus remained independent 
This is explicit from a study 


ent given below! 


on of foodgrains in 
3 million tons © 
ased only by 2 lakh tons. 


oducetion of foodgrains at home. 
atement of the Governm 


The producti 
million tons as against 43 
grains, on the other hand, incre: 


of increase or decrease in the pr 


of the Table? as well as the 1949 Policy St 
met to a very large extent 


therefore, not related to the total produe- 
sumption figures but is based on 
ting their rationing commit- 


ments (refers to rationing) are 


The quantity of imports is, 
y all-India production and co! 
Joficit Provinces and States for mee 


persons. 


“These latter commit 


from imported grain. 
tion of the country or al, 
the specific demands of defici 
ments for a specific number of 


ME 


sp Report for the year 
A 1949—The Times 0 


1 Of. Sovani, ibid. 1950-51 p.l). 
2 The Ministry of Food f India—July 19, 1911 


3 Govt. of India’s policy stat 


t Policy Statement : Op. Cit. 
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TABLE 5. INTER-RELATION OF PRODUCTION, RATIONING (MILLION TONS) 
COMMITMENTS, PROCUREMENT AND IMPORTS 


—_—_—_—_—————_—_—_—_—_—_—_—_—_—_—_—_—___—__ 


*popula- produc.  procure- percentage imports total of  offtake 


~ year ion tion ment of 4 to 3 EE 
under £ 
ration- . and 
ing imports 
(millions) 
1 2 be 4 5 [1 ky by 


(million tons) 


1947 144.7 42.544 4.08 9.6 2.383 6.41 7.UGT 
1948 50.4 43.741 2.65 6.1 2.84 5.49 5.130 
1949 119.6 43.314 4.38 10.1 3.71 5.09 7.642 
1950 124.5 46.018 4.62 10.0 2.13 6.75 T.5nd 
1951 122.0 41.744 3.77 5.0 4.73 ১.50 7.867 


*Figures relate to the population under rationing on December 31 of each year, except for 1O4T, 
in which case the date is December 1, 1947. 


Sources : Bulletin on Food Statistics, January 1955. 

Mr. K. M. Munshi, the then Food Minister, was of opinion that even self-sufficiency 
mports.! This shows that the production of the country was not 
part in the controlled economy of the country. 


Marketable surplus. That procurement was not keeping pace with production can 
also be proved from another angle. We have already referred to the remarks made by 
Dr. Rajendra Prasad about ‘marketable Surplus.’ This in the normal pre-war days used to be 
of the order of 40 percent in the case of rice and 55 percent in the case of wheat.3 Tt would 
on the other hand be seen from Table 5 ( 
minimum of even 10 Percent whil 
hood of 30 percents 
Medical Research for the 


allowed to play any 


column 5) that procurement never exceeded the 
e the population under rationing remained in the neighbour- 


Ys conducted by the Indian Council of 
period 1935-48, however, con: 


firm that the consumption of cereals 
in the rural areas remained Practically the same before 


and after 1944. 
Again, there is Possibility that the run 


al population, Owing to increased prosperity, 
might have switched over to the consumption 


of fine grains. But factors like urbanisation 
and the recruitment of villagers in the army also released some of the foodgrains from the 


villages. Taking all these factors into account, it is reasonable to suppose that something 
like 40 percent of the total Production of rice and wheat should have come up for the con- 
sumption of non-producers. Assuming that 10 percent out of this w 
rural non-producers, the balance could have Deen sufficient to 
commitments. 


as retained for the 
ncet the rationing 


1K. M. Munshi: ‘Our Food Objectives’, Tilustrted Weekly, August 12, 51. 
2 Mr. Munshi had himself said a Year earlier (Freedom From Fr 
Imuke India self-sufficient by the end of 1951 so that we may 
# Reports on the Marketing of Rice (p.7) and Whe: b; 
1 Dr. V. K: RB. V.. Rao also explained the 
Indian Bconomic Conference, 1950, Indian Journ 


oreign Brend yp, 6) that “Wo shall 
be independent of fore 


at (1. 16) 
Position on the Sane lines 


ign im ports.” 


at the 32nd Session of tho 
lL of Economics, 1949-50, Dp. 233. 
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nc | of OOUETEDS could not, however, reach the required levels. Firstly 
es ie pricing policy followed by the Government was faulty. While agricult পা 
SLT schemes in ole: COUN were 50 arranged as to pay lene ArT 
i j Rt uction,! the position in India was just the reverse. Higher prices were bei i ন 
or the fniported food and the home producer was asked to part with his produce ৰ ot 
ন price. The Foodgrains Investigation Committee? also refers to the widespread লা 
action and discontentment among the producers of these rural areas which were under 


statutory rationing. 
many other unnecessary embarrassments. 


h Secondly, the cultive 
The Allahabad High Court held that the U.P. Foodgrains Procurement Order, 1948 went 
onferred by the Central Government.3 The result of all this was that 
1 imports instead of showing a fall went up. The solu- 
in reducing commitments. The 


ocurement or 
They were unable to procure more food and 
which the 


cel boldness and imagination 


ator was subjected to 


beyond the powers ¢ 
hin position deterio sated further anc 
tion thus lay either in stepping up Pr 
Government failed to pursue either course. 
even to abolish rationing. Such an action requir 
Government unforunately lacked at the time. 


COMMISSION AND FOOD POLICY 


J. THE PLANNING 
1d not find out the real cause of increasing food 


Tt recommended that food controls 
t imports should continue 
1 was achieved. The 
Although it attached 
1, when laying out its 


also cov 
and post-war period. 
f the plan period and tha 
additional producetior 
sufficiency for India. 
and consumptior 


The Planning Commission 
and during the war 
the duration 0 
tons of 


imports before 
should be continued for 
even if the target of 7 
thir 
nt of trends! in prod 
ignored. 


6 million 
Commission could never ilk in terms of self- 
importance to the assesse uetion 


final policy these two factor’ 


MC 


s were totally i 
nents to meet the internal 


of procurer 
ffect of de- 


nadequacy 
my also had the e 


Besides the i 
trolled econor 


Production de pressed b 
demand and a consequent increase in imports, con 
pressing home production in two Ways. 

ces were not fixed on the basis of any scientific 
je cost of production nor had they any parity 
ials like cloth and iron, which the cultivator 
as never & paying industry,” but 


ocurement pri 
yy relation to tl 
tel 


Agriculture Wi 
en he had the chance of getting some remi- 


All this had a depressing effect 
o grow only such crops, as 


In the first place, Pr 
They did not bear a 
good. 
equirements. 
el that ev' 
f his legiti 
or was ine 


principles 
with the prices of industrial 
e for his own 1 
ade to fe 
ived 0’ 

The cultivat 


s and raw ma 


en wh 
mate dues. 
lined t 


had to purchas 


the cultivator was now 
e was being depr 


nerative prices, h 
) of foodgrains. 


on the productior 


fetched him better prices. 
he Hyderabad State Planning Commission. 


[ B B 
Enquiries in lt 


1 Cf. S. Kesva Tyengar : Rural Economic 
1949-50, p. 315. 

2 Report, p. 7. 

# The judgement delivered by Aggarwal Ee 

4 The First Five Year Plan, PP- 174-195. 

6 The First Five Year Plan, OP- Cit., Pe 116 Ld 

5 Unpublished M.A. thesis, P. ©. Bansil : Feeding the Nation, pp’ 6 
* Dr. Baljit Singh: in India, pP- 194-196. 


d Chaturvedi : The Hindustan Primes, February 15, 1953. 


3-68, for Further reference. 
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Secondly, owing to high prices of foodgrains in the foreign markets, the Government 
was obliged to subsidise imported grains. 
food in the deficit areas. 
that they were being ig 


Large sums of money were spent to provide cheap 
This created the impression among the farmers of “‘surplus™ areas 
nored and neglected. Their own surplus produce was being procured 
at cheaper rates. High price was being paid for foreign imports and 
Was being spent in the deficit areas on food subsidies. 
section of the population was being fed at the cost of the other. 
fore discouraged and they lost whatever little incentive they h 


2 sizeable sum of money 


Cultivators were, there- 
ad to produce. 


The food problem was in this stalemate in the closing d. 
The self-sufficiency Pledge had not been fulfilled. 
more pronounced. The import target 
bourhood of 7 million tons. 
this figure was higher th 
Sight. This w 
reached and a 


ays of 1951 and early in 1052. 
The stress on food imports seemed to be 
originally fixed for the year 1952 was in the neigh- 
Lt was subsequently reduced to about 5 million tons. Even then 
an the previous year’s record imports. No solution seemed to be in 


8s, perhaps, the worst phase in the food history of India. The climax was 
new chapter in the food debacle was in the offing. 


Change in food policy. The year 1952 opened with a very gloomy picture on the 


food front. The withdrawal of food subsidies in March, 1952, aggravated the tense atmosphere 
in the cities. The count 


Y was considered far from self-sufficient in food 
question of reducing food imports. 


and there was no 

In May of the same ye 
Ministry. He undertook a hurrie 
ment that there was no Shortage 
any problem, it was one of purcth 
tions of controls—was but 


ar the late Rafi Ahmed Kidwai took charge of the Food 
(l survey of the affected areas and made a categorical state- 
of food in the country. According to him if at all there was 


hasing power. Once this was realised, the next Step —relaxa- 
a simple process. 


Madras experiment. The Planning 
of relaxing controls. They thought it might interfere in the planning which to a large extent 
was based on deficit financing. But R. A, Ki OC. Rajagopal- 

ps = s A . . ge } 
achari, who introduced the Policy of decontrol in Madras—a highly deficit State—in June, 
1952. The Hols of the i ] ing movement of rice within 
the zone. This sets in motion the strane rising prices in the Surplus dis- 
tricts and of falling prices in the deficit one: 16 and cry and quoted the 
example of the 1947 experiment. Was, however, reversed 
in the beginning of August and wi opt ic : 
September, prices a 
to fall throughout the Province. Eve UEP 


Commission did not view 


This created a feeling that one - 


nd i 
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n-producers placed at the mercy of the producers? A 


the deficit areas—or were the no 
at hand. 


reply to this question would provide the real answer to the problem 


| The immediate step taken in derationed areas was that ration shops.were converted 
into fair price shops. The card holders in the original statutory rationed areas were allowed 
to draw their ration as usual from these fair price Shops, if they s0 liked. The only change was 
that the free movement of foodgrains within the-areas- was permitted so that the forces of 
1 control the market. The numberof such fair price shops was 
articular area. Data regarding changes in the number of fair 
of foodgrains are not available for all the States. 
t of Madras, Bihar and Uttar Pradesh.* 


demand and supply coulc 
determined ly the needs ofap 
price shops and their monthly off-take 


Ty লী টী a টী 
Table 6, however, gives such figures in respee 


AIR PRICE SHOPS AND THEIR MONTHLY OFF-TAKE 
mmm 


TABLE 6. 
Bihar kg Pradesh 


Madras 
year/month ন ক” - 
L fair price off-take (in fair price off-take (in fair price off-take (in 
shops (in thousand shops (in thousand shops (in thousand 
thousand) mds) thousand) mds) thousand) mds) 
1952 E ও 
June 4 10.9 15, - 67 
পৃ 24 9.3 76 
September 19:2 141 
3 10 + 4] 
December 22 
1953 
8 4 
March 34 5 
9.9 68 3.9 |!) ৷ A 


June 


price Shops Was governed by the rationed 


- the nun 
It would be seen that the increase or decrease in off- 


off-take. It was increased or 
take of foodgrains 50 that the int 
Bihar, for example, when the ratione 


9 thousand tons in June 1953, the SE ne, 1953. 
end of June; 1952 to 3,884 at the end of June, ++ 


6 NO 8: 
ousand tons in June, 1952 to 


1 off-take ie 

ই of fair price shops Was reduced from 10,953 at the 
Same was the case in other States. 

n January 1953, the number of fair 
of December, 1952 to 225 at the end of March, 


a tendency to rise in May, 1953, the number of 


price Shops Ww. 1 
market prices showed nd of June, 1958 so that by December, 1958 


1953. When, however, 9.030 at the er 
fair price shops was increased to 2+ 


ontrols Were relaxed i 
J al where contro 
hes + 3,218 at the end 


As reduced from 


f, Hartirath Singh in the Hindus- 


il and Pro’ 
fe ‘And an article On Our Food 


y Over ‘Wh ্ 
ty U 
tan Standard, Economie Supplem 


Policy, P. C. Bansil : Ec 
2 Adapted from Ag! 


1 Of. The controvers. 
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prices of rice came down to those of the corresponding period in 1952 as would be clear from 


Table 7 below. 


TABLE 7. PRICE OF RICE AT SELECTED CENTRES (WEST BENGAL) 
_———_—_——__—___—__—_——_—_—__—_—_——____—_—__—_—_—_——————_—_—___—_—_—__—_————_——_—_—_—_——_— 


1952 1953 
centre 
December March June December 
(in rupees per maund) 
Contai 24- 16- 21- 12.14. 
Bolpur 14- 16- 22-8- 14- 4- 


Every possible effort was thus made to see that there y 
grains after the relaxation of controls. In spite of that there was a general rise in BELIGS 
immediately after decontrol so that Economic Adviser's Index for cereals stood at 480.0 in 
1953 as compared with 445.0 in June 1953. But even then the prices were lower than those 
ruling in the open market during the correspondin 
the percentage rise in the case of cere 
is illustrated in Table 8. 


was no rise in the price of food- 


& period of the previous year. Again, 
i ) Y tio las This 
als was only 7.8 as against 16.41 for food articles, ‘This 


TABLE 8. PRICE INDEX_—WITH BASE, SEPTEMBER 1939 AS 100 

June August percentage % 
1952 1953 rise 

food articles 349.6 407 16.41 

cereals 445.0 480 7.8 

pulses 434.0 504 16.1 

industrial raw materials 430.3 488.7 13.67 

all commodities 374.8 410.4 9.3 


In early 1954, food 
that the Government had t 
prices were fixed. 


Prices started falling below une 
0 announce the policy 
In the case of wheat, it w 
Were made to find export markets for rice, 
years in the past. 


conomic levels, with the result 
of price Support, for cere 
as Rs. 10 per maund. 
4 commodity which h 


als and floor 
Not only that, efforts 
ad been imported for many 


The decontrol Policy reached its climax on July 
also removed. This in Spite of a shortfall of the oud 
1954-55 when compared with the Preceding year, Jed t 


9, 1954 when all controls on rice were 


T of 3 million tons in the rice crop of 


0 further easing of the Situation from 


dopted by the Gover চট 
August 1953, p. 344, ‘ment refer to Agricultural 


¢ 
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the supply si yl i 
hs 2 ১ side. Prices continued to have practically the same trend with the result that 
rnment was faced with the problem of extending the price support policies to rice a 
5 


we. + ins like j 
1] as other coarse grains like jowar, bajra and gram. 


agricultural seasons resulting in bumper crops for the 


accounted for this bright picture on the food front. 
kind during these two years. 
2 million tons above 


It may be argued that good 
consecutive year: 52-5 53-5 
years 1952-53 and 1953-t 
Tharsis. Hodényt I 1953-54 
টি Ss no denying the fact that nature Was exceptionally 
eres { tion i 53-5 57 illi ৰ 
ll 8! prodiuation in the year 1953-54 was 57.9 million tons—nearly 1 
that of 1949-50 and 9 million tons over that of 1952-53. 
st two or three good monsoons were 
have existed over such a 
ease was merely 


appeal to reason that ju 
it in foodgrains which is said to 
hat & major portion of this so-called iner 


Tt does not, however, 
able to wipe off the supposed defic 
long time. What seems plausible is th 
statistical increase.! 
not otherwise different in 


asthan. The position Was 
e collection of agricultural 


One such case was that of Raj 
any machinery for th 


other Part ‘B’ States where there was hardly 
Out of the total increase of 12 million tons as much as about 5 million 


inted for by Part ‘B’ States. If the season Was good for these 
Tr parts of the country where increases in food production 
d that much effort has not been made to increase 
Lovision of better seeds etc. in these 
e ‘Grow More Food Campaign.’ A 
siginally been accounted 


data in the past. 
tons or 41 percent is accov 
areas, it was equally good for othe 


Tt is also to be note 
irrigation facilities, pr 


Commission under th 
thus the one which had not or 


were not so marked. 
agricultural production by way of 
backward areas by the Planning 
sizeable portion of this increase Was 


for. 

1 in the year 1954-55 when cereal production fell down by 
The floods of 1955 were said to be the worst over 
the last century. The food position in the country, however, jained as bright as before. 
This being the case, we would be justified to conclude that t food 


front during the period was not due merely to better Season or 


the Planning Commission. 


Nature was not 50 kinc 

about 3 million tons to 55.3 million tons. 
ren 

he bright position on the 


even special efforts made by 


y when there Were floods over an area of some 25,650 
am, West Bengal, Bihar and the United 
The floods again devastated 
ile speaking about the 


ason of 1954- 


"The adverse se 
akhs of 


square miles affecting Some 951 people in Ass 


hange for the WOTSe. 


Provinces alone, also did not pring any ¢ a 

vast areas in 1955-56 in the affected territories. The Prime Minister whi e 
floods have taken place in U.P. during the last 85 years. 

their histories. ‘The food 


o such E 
St In 


United Provinces said that “‘n 
ab and PEPSU was the wor 


The loss suffered by the Punij 


remained quite easy. 


956 and 1957—have 


DOSiti 
Position, however, 
ast tWO years—l 


f 98.1 and 9.1 million tons 
This brings to focus the point that the 
demand is not the same thing as 
y the interaction of supply 


he 1 


on, for about 2 years, t k 
dl production 0 


After an easy positi a cs ATO 
taken a turn for the worse, Ds beg 
iinesand 4 J idly, year 195 -BT. 

1d wheat respective’y ction and 


odu 
supply of foodgrains is not the same 28 Pr ক 
consumption. Even if prices Are assumed to 58 
WEE = 
Statistics, Sankhyd 17, 947-250. (1956). 
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ৰ ্‌্‌ Se Te 
and demand, in the case of foodgrains Supply is invariably EE. the El ন 
leased by the producers, technically known as the ‘marketable surplus’ and deman 
that of the producers, but only that of the non-producers. 


Due to rapid industrialisation and many other factors, the number of non-producers 
is increasing rapidly. So much so that the in. 
at an annual rate of 4.8 
with the increasing emph. 


crease in urban population is expected to tert 
Percent during the second plan period. It is quite Eossibl6 a 
asis on cottage and ‘small seale industries, the HOH-pLGCNEGTE ক Ne 
rural sector may also increase. The effective demand for foodgrains, in the eG 
explained above, has thus increased appreciably. This would EG that eee isertnts 
Supply, i.e., marketable Surplus, shows a corresponding increase, there i byund S058 5 
librium in the forces of effective demand and effective supply. If this disequilibrium is 
On certain external forces, militating against them, the normal fo 


rces of supply and demand 
are liable to be disturbed further, 


either bringing a swing to the downward or upward. 
Tmmediately after decontrol in 1952-53 and 1953-54, a crash in the world A 
dity market, the dehoarding spree and exceptionally good harvest of 1953-54 at home, a 
easily be considered as the factors responsible for the continued fallin food prices right upto 
early part of 1955. The turn came in the later part of 1955. 
for this may be attributed mainly. to psych. 
of the country, decision to spend Rs. 
unfilled gap for deficit financing 
“i.e., expenditure on the building u 
is changed, the usual phenomena 
in search of abnormal Profits, tra 
in the hope of getting more profit 


‘The immediate responsibility 
ological factors like failure of crops in many Bes 
7200 crores on the second five year plan, with a big 
and as much as Rs. 6200 crores representing investment, 
DP of productive investment. Once the market psychology 
of unplanned movement of foodgrains over long distances 
nsport bottlenecks, and hoarding at all the possible levels 
8, could easily be witnessed in the foodgrains markets. 


But the zonal scheme, creating 
ate as July, 1957. While the pressure 
asing due to factors explained above, the marketable 
In the earlier period, it was only the trader and the 
speculative hoarding, but the imperceptible effect of 
© cultivator and his consequent 
On the scene another class which has 
Such small changes in the holdings 
Plus, resulting in an aggravation of 


Surplus was being advers 


ely affected. 
middle man who were 


The only remedy at the © building up of market 
Psychology by an enhancement of the supply. This is Possible by the release of food stocks in 
response to genuine or even ingenuine demands. Tt can be done cither 

mports from abroad. 
at the moment is the maximum, i uld perhaps not be ad 
The present Policy of import: 


moment would thus seem to be th: 


by the.purchase 
Since the Propensity to stock 
Visable to resort to any large 
ing foodgrains, for the building 


1 Cf. Foodgrains Enquiry Committee, PP. 44.46 for similar details, 
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up fF reserv = 
0 SErVEes would 5 her 
erin uld হা to be the most sound one, under the circumstances the othe 
Eyes f the Foodgrains Enquiry C i E ing j ; 
LE 8 Om CE e i oulat 
markets! for encouraci টি quir; mittee regarding the establishment of regula ed 
Al aging the flow of marketable surplus also deserves consideration 


নো Ey per" pI 5 thus built up, the forces responsible for the propensity 
Uihsr ollie eT ্ লং “পো ক I to dehoard is likely to come into motion. 
Pa gE get tl I ers to freeze stocks under the Essential 
ste) টি all the same be necessary for s0 long as the 

not able to have an effective hold on natural hazards like floods and droughts by a 


Systematic irrigation system. 
duction side. The popula- 


সা 
This does not mean that everything is allright on the pro 
5 millions and additional 


tion 0 Lil 3 5 [ 
of the country is increasmg steadily at an annual rate of 4 to 


food will be required to feed the new mouths. 
her agricultural or industrial product, will 


as that of any oth 
ation of our 


The production of food, 
nned economy and thus help in the realis 


have sont jecti 
1ave to conform to objectives of a pla 


dream of a better and happier India. 
ger of a long period 


Food potential of the country being rather high, there is no dar 
be ruled out. This 


problem. The possibility of that of a short period one cannot, however, 
is because 

fd (a) Indian agriculture is still subject to hazards of nature, and every two years, 
in a cycle of five are normally bad years. he 


ase in production has 
ired share 0. 
‘Scissors Crisis’ ir 


s no significance in a developing ec0- 
f their demand through the normal 


(b) An absolute incre 
y Russian history is well 


fail to get the requ 


nomy, if the non-producers 
What is known as 


functioning of the market. 
known. 
er to have surplus food 


[4 production in ord. 
This should not be 


ears of bad harvests. 
y utilised and deter 


As regards (a) the remedy lies in increasin. 
er the deficit supply in y 
l irrigation works are full joration of land 


Chairman Planning Commission in his recent address 
has brought to light the sad plight of the 
of the 6 million acres for which irrigation 
Jan period. Similarly an expert team on 
caled in its draft report that 
been ruined by water- 
anals and distributaries. 
s will need. 


in good years so as to cov. 
difficult if the newly constructed 
from old ones is protected. The Deputy 
to the Development Commissioners at Mussorie, 
States having utilized hardly million acres out 


facilities were provided during the first five year P 
chairmanship of Shri Gadgil has rev 


most fertile land in the Punjab have 


as a result of seepage of water from ¢' 
6 country is to be sploited, all such matter 


Plan projects under the 
several million acres of the 
logging and alkalinity largely 
Tf the total food potential of th 


due attention. 


As for (b), the exi: 
Surplus can be reduced either by inered 
being placed in the way of normal tra 
hoarding at some of the intermediary stage. 
Such a situation is the building of reserve sto! 


i" 


N 


] have to be properly husbanded. The marketable 
consumption on the farm or by some impediments 
De due to transport bottlenecks or - 
The first and foremost condition to overcome 
cls which must be unloaded at the appropriate 


sting Stocks wil 
SIng 


oe — 


1 THid., p. 18 
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a svste f 
time with a proper understanding of the market psychology. More 50, NE ET. 
controlled supply of foodgrains to the non-producer is not only difficult, on u 2) অ 
dangers. Whether these food reserves are built by purchases from শা হাাৰ ee 
or even conversion of the present system of land revenue in cash to that in il t | a 
in China, needs a thorough examination, which is beyond the scope of the present study. 


& it It yl 046, was timely 
The Produce (Development and Warehousing) Corporation Bill, 1946, we দিল 
2 E EA t : Centr 
from this point of view. Besides its functions of Storage and warehousing, the : 
; i 1 anni mulate pro- 
National Co-operative Development and Warehousing Board is planning to for nul ্‌ 
j 5৪] arketi i tS & YX ports of agricultur 
grammes for the production, processing, marketing, imports and expor ag 
produce with the help of co-operative societies. 


Credit control, restricted money supply and changes in the reserve ratio under section 
42 of the Reserve Bank Act would also be necessary to curb speculative activities. It IMB 
become imperative at times to have control by fixing ceiling prices rather than by state trading. 
Such a measure on an all-India basis would be quite feasible. When the Centre has already 
acquired such powers by an amendment of the Constitution to have control over the EOS 
tial Supplies Act. In order to make this policy of price control a success, a scherae of fai 
Price shops, particularly in the deficit pockets would be quite useful. They will help to 


চ 5 ্ le arding as w s spiralling 
build up market. confidence and Serve as an effective check on hoarding as well as spiralling 
prices. 


Most of the transport bottlenecks will have to be removed by an improvement of the 
Eovernmental transport means. But in the short period, the creation of food zones as consti- 
tuted at present, would serve the purpose. Such a system would obviate the haphazard 
and unplanned movement of foodgrains over long distances which is primarily motivated 
by private profits rather than serving the national interests. 
formed and fully implemented, is sure to bring out ho 
fo the marketable Surplus. 


A zonal scheme if judiciously 
arded stocks in due course: thus adding 


There is also the need to keep a watch on food Subsidies. Food imports even today 
are being heavily subsidised. Such subsidies help to keep up consu 
They are a heavy drain on the exchequer. 
tion. The earlier they are removed, 


mption at artificial levels. 
The whole policy deserves a careful re-examina- 
the better it would be for the country. 


Least, but certainly not the lea 
food habits would not only alleviate t 
help to improve the quality of food. 
would be quite welcome to all stude Some of the subsidiary foods 


like potato can also play a major role to fill the gaps in periods of Stress. If short period 
problems are adequately tackled in the ma, 


20Vve, the long period, it can 
be emphasised, will take care of itself. 


St, a well planned policy of a change in the existing 
he short period difficulties from time to time, but also 
A shift from rice to wheat, gr. 


am and millets, for instance, 
nts of human nutrition. 


Paper received : June, 1958. 
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TEST SCORING BY THE 602A CALCULATING PUNCH 


By AJIT HALDAR 
Indian Statistical Institute, Calcutta 
f 602A Caleulating Punch is des- 


SUMMARY. A procedure for test scoring with the help 0 


cribed in this paper. 

Leonard Staugas thod using the ESM, for the same pur- 
pose. Although the 602A Punch is a slower machine compared to the ESM, it is hoped 
that in installations where the ESM is not available, or under other conditions in which the 
602A may be preferred, that the present method would be of value. Also, when the number 
of candidates and tests is small (e.g. when the total number of cards involved is less than 
2000) the relative handling time becomes lower than in the ESM method. 


Suppose for a part 


(1954) has given @ me 


ar test there are 50 questions. Each 


icul 
ly one is correct. 


Statement of the problem. 
1 through 5 of which or 


question has several alternative answers numbering 
icks off the answer for each question. The answers (i.e., the numbers 
punched cards according to @ suitable design. The 


An examinee just t 
ber of right scores for each candidate. 


ticked off) are then transferred into 
ultimate end is to find out the total num 
The detailed steps are 5 
cards are punched fo 


Machine Operations. tated below : 
(1) Card design. Individual y. each candidate, according to 

the following card design : 
CARD DESIGN 


card remark 
column 


sl. description 
no. 
UNMET TA AAT 
1-3 
1. candidate number Hi 
— 9 


2. test number 


3. question : | 


question 50 
1-10(=a) 


53. total of the score for questions 
1-20(=b) 
to be punched 


54. + ' bs 
21-30(=0) 


al hl l 31—40(=d) 6283 py 602A 
56. 3s a” ED f 
41-50(=) 6469 
57 ED 
2 67 
pe+d+e) 66—67 J 


grand total (a+b 
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For convenience of drawing the wiring di 


agram, the following arrangement of ques- 
tions are taken. 


Questions Code for correct 
answer 
Ee Se ne 
1-10 1 


= 
Ve 
[৩ 
[==] 

[) 


21-30 
31-40 
41-50 5 


LM) 


(2) Computation on 6024. The method of w 


Read Cycle. The columns for which code for correct answer is ‘1° (Q1-10), are entered 


in storages, IL, 1R, 2L, 2R, 3L taking only two columns in one Storage. These storages are 
impulsed to “Read ne 


iring is as follows : 


Programmes 1 to 5. Throu 


gh jack plugging storage, R.O. hubs are connected to 
common hubs of two digit selecto 


TS. Digit selector ‘1’ hubs are connected to immediate 
Pick up of pilot selectors 1 and 2. Then common hubs of corresponding pilot selectors are 
connected to digit emitter ‘1° and transfer to counters 1 and 2 respectively. At subse- 


quent programmes, storages are read out but only one at a time and this is continued until 


all the storages are exhausted. Counters 1 and 2 are impulsed to 


add at each programme 
Step. 


Programmes 6 and 7. 


Cross-footing and punching of «a 
6-7. The Wiring diagram for pu 


are done in programmes 
nching «a, which will be of interest 


is given below : 


Corresponding digit hubs 
selectors. A final cross-footing gives 
the total score (abe de). 


5 has been dealt with here. Th 
Problems. Tt is easily seen hoy 
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CORRIGEND A 


Unbiassed Minimum Variance Estimation in a Class of Discrete Distri- 
butions : By J. Roy and S. K. Mitra. Sankhyda, 18, 376-378. 


The following corrections are to he made in Table 2. 


(tn) Incorrect Correct 

9,6 0.950 0.905 
11,9 0.419 0.429 
12,8 0.986 0.896 
20,9 1.096 1.906 
30,9 3.121 3.218 
32,9 3.384 3.455 
32,10 2.950 3.062 
44,9 4.957 4.857 
53,9 5.867 5.876 
71,8 5.784 8.874 
76,10 7.579 7.597 


Almost Unbiased Ratio Esti 
Estimates : By M. N. Murthy and 


Equation (4.2): n®2, outside the curly bracket in the 


Footnote line 4, p. 385 
Second term. 


mates Based on Interpenetrating Sub-Sample 
N. 5. Nanjamma, Sankhya, 21, 381-392 
numerator instead of ». 


‘ (v(£)4-na2)3 instead of (v(£)--na2) in the denominator of the 
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THE ADDITION OF RANDOM VECTORS 
By J. B. S. HALDANE 
Indian Statistical Institute, Calcutta 
ctions are 


resultant of n vectors whose dire 
tho distribution of the scalar square is given. 


SUMMARY. Exprossions are obtained for the 
which are defined, and shown, besides thoir 


con 5 Ll L 

ঢ় nplotoly random in s dimonsions, but for each of which 
1iS i: ক E 

রি S is most readily calculated from the vectorial cumnulants, 

UL i i MY 

mulative proporty, to mensuro departure from @ gamma distribution. 


INTRODUCTION 
of vectors whose direction is completely 
ess of direction is a very much simpler notion 
as appears from the various formulations which 
ance of the value of a scalar. By the 
t is completely random I mean that if a 
bility that it will be displaced into any 
) of the ($— 1) dimensional variety 


I consider the addition, or composition, 


random in s dimensions. Randomn 
than randomness of a scalar number, 
Jeffreys (1933) has used to express his igno 
Statement that the direction of a displacemen 
Point is displaced through a distance # the proba 
region of equal magnitude (length, area, volume, etc. ‘ j } 
(circle, sphere, etc.) consisting of points at & distance # in Euclidean ono her isotropic 
Space from its original position, is equal. In particular the probability that a one 


dimensional vector will have @ positive or negative value must bo equal. When we 
have said that the direction is completely random we know nothing abort the scalar 
Magnitude. TI shall suppose that the distribution of its square, that is to say of the 
ar square [0 


f a, Vector, is specified b 
Squared magnitude of a displacement, 


i } the even 
1ts cum 0 used t of the square, or 
eee: a the displacement, but these lead to less compact 


cumul 2 , 

ants ks, or moments lar i 

expressions Hl hall later introduce the vectorial cumulants 0; which have several 

SIONS. shall la A = H rer they are functi 

Properties anal to cumulants in one dimension. As howeve y ; ctions 
alogous to ¢ ey arise naturally in the course 


Of the number s of dimensions it is best to show how th 


Of the analysis. 


or the scal 
he moments llr 
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It is worth while considering for a moment what happens if the CGCODE of 
the vectors added are incompletely random. The simplest types of departure চা 
complete randomness are of two kinds. The directions of all vectors TARY be নকব a 
frequent in different directions, for example displacements approximately es 
south may be commoner than those approximately east or west. eit 
probabilities of displacements in two opposite directions are equal there 
advantage in using scalar squares. But even if they are, it is often best to consid 
displacements in mutually orthogonal directions separately. Secondly the ang 
between two successively added vectors may have some other distribution es 
that appropriate to s dimensions. If 50, addition is not in general BREOC RET S 
though we shall discover the conditions under which it is so. Here however there i 
10 advantage in resolving the vectors orthogonally. 


I have deliberately avoided such resolution because in the data which SHOE 
me (Haldane, 1960) to undertake this investigation, namely those of Alstrom (1958), 
there was a considerable positive correlation between the squares of displacements 
in orthogonal directions. The most general problem of the addition of random 
vectors would, I suppose, be something like this. We have added a series of VEO 
a, Yu J, [2, Ys, 22 +], গণৰ EXE Yn-1 np “] in that order, Ya EEC HONE 
resolutes in s mutually orthogonal directions. Given these vectors we can predict the 


frequency with which the resolutes Bsns 


ns... Of the n-th vector lie between 
infinitesimal limits. 


We have to determine the distribution of the sum of these # 
vectors. If there are s dimensions then in the most general case the s scalars Wn, 
have a joint distribution whose parameters depend on the s(n— 1) 
preceding vectors, and on an indefinite number of arbitrary const 
is hopelessly complicated. In what follows I 
independent 
them, which 
dimensions. 


Yano nee 
components of the 
ants. The problem 
assume that successive vectors are 
2s regards their magnitude, though the distribution of the angle between 


plays a part comparable to correlation, depends on the number of 


THE ADDIrION OF TWO RANDOM VECTORS 

Let X, Y, be two random vectors in Eu 
numbers x and y be their scalar Squares X.X and Y.Y, and let % be the angle between 
their directions. As the resolutes of the vectors may be negative we can suppose 
0 <¢ < Hr. If we assumed 0 < ¢ < 7 we should have to add that the distribution 


function of —ir was even, otherwise We could not operate ‘with squares. Then if 
Z is the sum (resultant) of X and Y, and 2 = 7. 27 is the Scalar square of Z, 


2= t+ YE 0y cos ¢. 


clidean space. Let the non-negative 


G(cos#g) = C- 
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The distribution function of § in s dimensions is 
dF xc sin-26d¢ (s> UD. 
sins-20 dd. 


Thus Ge sin‘-29 cos? dg = 


|| 
ou tol 
Ce HT) 


13.5.-(27—D 0) 


8 Ee EE 
s = (SGD) s(s42)(s4-4)-- (84-27) 


Hence c,= 2, 0, 0 
ওঁ $(342) 


So &w)= el ey+4 (5) oep) y+ 16( 1) ode) (aye + |. (3) 


‘a terminating series with 3-1 terms if 7 is even, and 3(74+1) 
of &, it is instructive to consider the cases 


As s tends to infinity almost all 
alar squares become additive, 


্ This is of course 
if 7 is odd. Before calculating the values 
when s = 1 and s = 0. The latter is very simple. 


angles between X and Y are right angles, and their se 
s0 that z= a+y, md &, = ki + Ay, the well-known additive property of cumulants. 


When s =1, s0 that = 0, the even cumnulants of x have this property. Tf ks, be the 
2-th cumulant of the distribution of x we write Ky=0;, and find, inverting equations 


(3) of Haldane (1941), then : 


f= kK 
0, = ko—2kK 


0; = Ka— 12k LOKE 
0, = kl kro —SDEfF ATI IO 4 zat ট 
0; = peer SEE CT LT HRT ট 
0, = eA SOE TAT LF ? 
get STALL EEC) 
i have alread been given by Haldane 
The values of k, in terms of Or, Oro + this sr except as special 


no value Y 
ny number of dimensions, 


(1941). The expressions (4) are of by ন 
cases of the expressions (9) derived later which hold in @ 
On which they furnish @ useful check. 

xpectations of powers of 


for the € 
A, are the r-th eumulants 


ERs and 
of z, we find : 


e down expressions 
of its distribution. 
whilst ér are those 


From (3) we can writ 
2, and hence for the cumulants 
of the distributions of t and Y, 


6, = KitAy 
& = ka As Cok ) 
“= Aik 2 
ঠন Y EE TN ETL 
C ডু Kee oa EE K DEG oo 3 
t= Wes Tr nite SENN p= 0) 
9 3 


j fess 
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The expression for &; is considerably more complicated, containing terme: in 
¢8,c2¢4, and cs. I do not think it is likely to be required in practice. Inserting 
the values of c» and c, given by (2) we have : 

§ = kit, 
& = KoA 4s KA 
3s = Ka As 12S (kA AK) 
4 = KFA 24s (kAsLAKs)F 48s (s+ 2) (s+ 3)ksAs-+ 488 (s+ 2) 
(iA Ak) — 968 (84-2) KA 
65 = Ks A408 (Ay Ak) 1205s 2) (s+ 4)( Kshs) 
TF 2405™(s4-2) (KFA AKs) +4808 (s4-2) (ke, +A )tah2— 960s (s+ 2)™ 
REDRIASTARs)s se 08) 

‘These are the fundamental equations for vectorial addition on which most of 

What follows is based. The values for s = 2 may be useful. They are: 

6 = «i+, 

& = k++ 2K, 

kg Ag+ 6( kA Ak) 
i? Ka As TA KAg A Kg) 30K Ag 6( KIA ALK) —6 KIA 
t= Ks As 20(k1A--2k)4-90( Aska) --30( KA ALK) 60K, A) KoNe— 
—60kiA (kA AK). ee (7) 

When s = 1 these expressions give the cumulants of the distribution of the variance 


of the sum of two random variables in terms of the cumulants of the distributions of 
the two variances. 


En 
I 


| 


THE CONDITIONS THAT ADDITION SHOULD BE ASSOCIATIVE 


Tt is clear from the symmetrical character of equations (5) that the addition 
of random vectors is commutative, that is to say XY = YX, no matter what are 
the mean values cy, of cos#9. But unless Car has the special values given in (2) this 


addition does not in general Obey the associative law, thatis to say the distributions of 
(X+Y)+-Z and X--(Y--2Z) are not the same. The first three cumulants are the same, 
but the fourth is not. To take one example, if wu, are the cumulants of the 
distribution of Z . Z, then the coefficient of kid,n, in (X+Y)-+Z is 32 (63 ca 20204)? 


and that of Kshs Or KjAgft, is 2882, from equations (5). The condition for 
associative addition is that these should be equal, or 


28803 = 82(608--c,-200,) 


whence 308 


THE ADDITION OF RANDOM VECTORS 


That is to say the addition of random vectors is 
hold good for the moments of the cosine of the 
Further (2) is necessary as well as sufficient, for 
yy value of cs, arises as its first power, so 


ding values of cor. 


in s dimensions is associative. 
associative provided equations (2) 
angle between successive vectors. 
as we consider successive cumulants, each ne 
if is unambiguously given in terms of the prece 
at s should be a positive integer in equations (2). 
d if s is not less than unity. In particular they 
We can postulate that the distribution 
ave the distribution of that between 
or the distribution whose 


However there is no need th 
In fact these equations can be satisfie' 
can be satisfied in two dimensional space. 
of the angle ¢ between successive vectors should h 
any pair of vectors in random directions in 8s dimensions, 
moments are given by (2) for non-integral s. 


AL CUMULANTS AND THE GENERAL EQUATIONS FOR 


THE VECTORI 
ASSOCIATIVE ADDITION 


ions from (6). Consider the 
let €, be the 1-th cumulant 

If 7 > 2, &, includes some 
he sum of the two random 
th cumulant of whose 


ceed to build up general equat: 
with given cumulants; 


are of their resultant. 
For example if to t 
add a third vector the r 


We can now pro 
addition of n random vectors, each 
of the distribution of the scalar squ 
terms of a type not found in (6). 
ving the cumnulants of (6) 
we find : 


vectors gi we 


scalar square is fy 
& = Ka Asha 128 Leta 


2 Kat Ags 128 (kas Ks 
written in terms of 8 
f all pro' 
tor by the fir: 
the second cumu 


eater AaMa Files het hy] 


A 2s ERD ake ON 


ymmetrical functions or power 
ducts of the second cumulant 
st cumulant of that of 
lant of one such 
tribution, and 


These equations may be 
sums. In what follows Ska Means the sum 0 


of the distribution of the scalar square of one vec 
) of all products of 


another, Dkiks Means the sun ন 
distribution and the square of the first cumulant of the same 
so on. We find: 

GG = 2k 

& = Ska 4s IDK 

&s = 2st 198-5 Kh A488 PEK etc. 

[41 = 2k 5 

= 98-1 2 DKE] 
€& = Xk 28 [Xk) Be EDV etc. (8) 


The expression for &; in 


& = Sey 12s IKK 
oduct Sums 


i become very cumbrous. 

But these expressions soon : 
symmetrical functions consists of 12 terms, that in terms ie power and pr j 
consists of 42 terms such 2s + 9608 (s-2) “(e+ 82s) টু i are নন লাল 

| i of the sum of n rando 

for the same reason aS the expression for ) ; er ts 
variabl + oiven moments about Zero is complica d omp ন 
lye HY duced by the use of cumulants. The question arises whether 


are of course greatly re 
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ad | | i Fag 
we can find functions of the cumulants k, appertaining to one vector which h 


suitable additive properties. We can, and they prove to have other properties 


analogous to those of the cumulants of the distribution of a one-dimensional random 
variable. I call them the vectorial ceumulants 0,. They can be calculated from (6) 
without much difficulty by the method of undetermined coefficients given that 0, = ;. 
We can multiply k, by any constant without affecting the properties of these 
cumulants, and it might be better to put 0, = Sik, but I think the terminology here 
adopted is preferable. It is easy to show that 0, =Ks—2s-1kf. Given this, suppose 


that 03 = kKs—2kiks-+yK , and assume additivity. Then from the third of 
equations (6) 


K+ Ag— (ki ka A1A2)- KFA) = 6s— tite ttt 
= Kg Ag+ 12s (kA A Kks)—a( ky FAK Ag ds IK) Yl +A). 
Hence (kA Koh (12s1— 2) (KIA, LAK, (3y— 4810) = 0. 


It follows that x = 12871, y = ্ 81%-= 16972, 


To determine the 4 coefficients of 0, by the same method we have 6 simulta- 
neous linear equations which are consistent. Similarly for the 6 coefficients of 0; 
we have 10 equations. The values of 0, are: 
0,= Kk, 
0, = Ko—28-1k? 
= kg— 12s 71k, k,--16s-2k8 
44 = 


Ka 2k kg — 2488-2) (s+ 3) KF 488-23 2)-1( 58+ 129) KF, — 


—48873(s4-2)-1(584-12)k4 
9; = Ks 409 kk —12091(s--2)-1(s-- 4) kk 2405-294 2)-1(36-+- 8) KE, 
FOS (s+ 2) (s+ 4) k§—960s-3(s-+ 2-78-24) kf T6851(s.- 2) 
(784-24) kK? 
= Ks— 405 kk 3(s-+2) (s+ 4)kota]--240s-2(s-+2)-1K, 
[(3848) Ks K+ 6(94- 4) a] — 102-9(8--2)-1(T 8-24) kA ke— 43-1. (0!) 
The equations for k, in terms of 0,0; .. 
Ky) = 0; 
k2 = 0,4+-23710? 
kg = 03 1257100, 88-208 
Ky = 04 24570,03-- 245-18 4-2) -1( 5 3)02 4 1445-20 
ki; = 0544057100, 120871(s-2)-1(s- 4) 


.» 0, are: 


104-488-304 
0505 4805-2020, 
T+ 9608-%(s4-2)-1(s- 3)0, 02+ 19208-3030 
| Tt will be seen that when s = 1, equations (9) agree with equations (4) which 
were in fact worked out as a check on them, and to enable others to extend them 
further if desired. Similarly (10) agree with Haldane’s (1941) equations (3). The 
are @ good deal simpler than (9). / y 


288467495. ... (10) 
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THE DISTRIBUTION OF THE RESULTANT OF A SAMPLE OF ? RANDOM 


VECTORS, AND THAT OF 1 UNIT VECTORS 
Consider a sample of » random vectors, cach drawn from a population in which 


of the distribution of the scalar square is k;. To find the cumulants 


the 7-th cumulant 
1 resultant, we have only to multiply 


of the distribution of the scalar square of thei 


the values of 0, in (9) by 7, and then to apply equations (10). We find : 


[41 = NK 

&> = 2n(n—1l)s IKI NKS 
3 = 4n(n—l)s—iki[2n— 
i = 24n(n—1)s [2m — 


2)s-IK3- 3K] + Nks 


2)n—3)— (8-2) js 2t+ 23m —2)-- sls 2) a kts 


{L(+ 2) BREF Kk] FNks 
Sn(n— 1s 4S — 2) — 3)m—4)—58(s4-2) 5 i+ 202m — nS) 
+ (2n—5)s(s+2) Js kik 6O{3(n—2)—(n—3)s(s-+2) Js kaka 

+ 30{2(n—2)--s(s4+2) JK 151-232) ats Salt nks- 
ations may be of use in the theory of random migration on & 
2. They are: 


রং 
I 


an 


Since these equ 


plane surface, I give the values for § = 


& = Hk 

& = MUn—U)kI+NnKs 

&s = 2(n—L)k [(n—2) 

& = 3ntn— DI(Sn— LOUK 9(6n— LL) K3Ks+ SKS tk ksl Ts { 

& = a: ree TEE ES 
i HY 15(n— Tks ASkaks LOK] TEs (002) 

unit vectors with random 


KZ 3K2]nks 


Finally I give the cumulants of the resultant ofn 
direction. Here i= bkr= 0 > 1D). They are: 


6 = 
& = 2n(n—1)s™* 
3 = Sn(n— 12) 2 
avg 2)—s (s+2) 
& = 18n(n— DIn—2MNn— 8st 2) LIE +29 (38) 


[(n—83)n—) 
Tgl—TKY AS MN tends to infinity, 


ds to 2—Dl 
ee or Pearsonian Type ILI, 


ates t0 @ Gamma, 


5 = 384n(n— Ln —2) 


hat in (11) & 


Tt will be seen t b 
proxim: 


that is to say the distribution ap 


distribution. TROM A 


oF DEPARTURE 

TAL CUMULANTS 4S MEASURES 
ন GAMMA DISTRIBUTION 
— 9-1-1)! stKI then all the vectorial cumulants 


কক tor X has 8 orthogonal components each normally 
then «1 = 80° and k, = 82(7—1)! 


after the first vanish. 60 geviationo, ; 
distributed with mean zero and : 5) Lee (RMU gros see 

istribution Ww: the significance of th 
0%, c-2y has a X° distributio 1 distributions st for N68 in the aos 
values of k, for other: 
departure of Ks (which is i 


Wn that if Kr 


and a te 
ated with any accurac. 
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there considered) from zero. If s = 1 it is readily seen that 0, = 14— 3/08, (Ita And pt 
being moments of 2), 0s = [1s— 15/2/04 3012 and so on, s0 that 0, is the 2r-th cumulant 
of the distribution of x. 


0,0, can thus be used as a shape parameter which becomes equal to Fisher's 
72 When s = 1. From (9) we see that the sum of n vectors has 
0, = 2k, 
0, = Lk2— 2S 12K 
etc. Hence 0,072 tends to zero subject to the conditions of the central limit theorem. 


In the case of n unit vectors 
0, =n, 0, = —2s-in, 03 = +16s™2n, 0, = — 488 2(s+2) (584+ 12)n, ete. 


So 0,072 = —2/ns. The greater the number of dimensions the more rapid the 


approach to zero. 0,0; tends to zero with ni", but can be very large when 7 is 
large. 


DISCUSSION 


Beckmann (1959) has considered the case of the resultant of a number of 
unit vectors whose directions in two dimensions have a given distribution. This is 
complementary to my general case. The present investigation arose from 
consideration of Alstrom’s (1958) work on distances between birthplaces of parents and 
offspring. It is possible however that it may find applications in physics as well as in 
demography. ‘The velocity of a molecule is a vector, and its scalar square is the 
proportional to the kinetic energy, so in this case it is quite natural to consider the 
distribution of the squared velocity, which was of course done by Maxwell. Ina 
perfect gas s= 3, and 0,= 0r> 1). Unfortunately for many purposes we are 
interested in the small fraction of molecules whose energy exceeds a critical value, and 
the first few moments of a distribution give little information about them. 


I have deliberately kept this paper short, since it is possible that some different 
symbolism may prove more efficient than my own. However it seems possible that 
the study of random vectors may throw light on several problems of practical and 
theoretical statistics. Perhaps the most obvious extension is to consider the resultant 


of random Vectors on the surface of a sphere, and more generally in various kinds of 
non-Euclidean space. 


I have to thank Professor C. R. Rao and Mr. S ্ 
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A NOTE ON THE ESTIMATION OF VARIANCE* 


By LEO A. GOODMAN 
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function of z; i.e., S/(n--1) minimizes the mean square error Bd: glso the mean ! 
relative error. The four denominators that have been mentioned, n+l, mn, yg 
n—2, have an arithmetic average of n—1 2. In the present Puper; hie shall eg 
the estimate S/(n—1/2) approximates the estimate f that will minimize the risk i 2 
the loss function is A(o)(y/f—c)? and that VS|m—1/2) approximates the unbiased 
estimate of co with respect to the loss function (Vf —)/e*. 


b standard 
Lindley (1953) states that the proportional accuracy of oc, the standarc 


deviation, is usually of interest. Although he makes this statement in justification 
the loss function (log f—log 0°)? = 4(logy/f—log c)2, we might use this same ee 
to justify the loss function (VJ—o)*/o2. The exact value of the denominator d, for 


দ 7) 210072 

the estimator f = S/d, that will minimize the Lisk when the loss function is (Vf —o)*/e 

is SE ) [z) ; where T(z) is the gamma function; numerical values of d 
2 2 


are given in Table 1 for n= 2, 3,...,10. This estimator also minimizes the risk 
When the loss function is of the more general form A(o)(N/ fF 
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TABLE 1. 


0), and the square root 
stimator of oc with respect to the loss function 
For larger values of n, the value of d is approximately n— 1/2. 


THE DENOMINATOR THAT MINIMIZES THE RISK WHEN THE LOSS 


FUNCTION IS Mo) (Y/T—o): 
= OUON IS 0) Yo: 


n 2 8 4 5 6 7 5 b) 10 
denominator 1.57 2.55 3.58 4.53 5.52 6.52 7.52 8.51 Y.51 


Table 2 summarizes the various denominators d, for the estimates f = Sd, 
that will be discussed in the present paper. It also gives some optimum properties 
of each estimate and some approximations to the corresponding values of d. In this 
table, Y(2) = te) ; 
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(see, e.g., Pitman, 1939). The preceding results concerning the loss oer 
A06)(og aX —I0g 0): and AO)NaX—0)* hold in this case since Ellog X/0|0; 
and E{X/0|0}/E{(X/0)2|0} are known. Let us now consider the loss function 


0 when laX—0| <0 
Wi[0, aX] = { 


1 when |aX—0| > ko 

where kis a constant. In order to minimize the risk, we must maximize tlie Pr পা 

lity that |aX—0| < 0. (The reader is referred to Blackwell and Girshick re Ee 
for a more general treatment of the scale parameter problem). In other words V 

Wish to maximize 


(Lhe 
P = Pr{laX—0| < k60}= | f(a)do. 


(1-k)/a 


To find the value of the constant a that maximizes P, we study the behaviour of 


ন = {(01— BLK) —(1 Bf --tla)}a2. 


In the following section, we shall determine explicitly the value of a that maximizes 
P for various probability functions f(x). 


The reader will note that Theorem 1 does not involve the notion of 


unbiasedness. The preceding estimates, which minimized the risk with respect to 
various loss functions, will in general not be unbiased in the usual sense. However, 
we have the following theorem : 


Theorem 2: Suppose that Eflog X 19|0} = A, where A is known. Then among 
all statistics of the form aX, where a is a constant, the only one that is unbiased with 
respect to the loss function 

Wil0, f(2)] = (log f(2)—log 0)2 
is eX (which is, by Theorem 1, the estimator that Uniformly minimizes the risk). 
Proof : We have that 
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The risk is a quadratic function of log 0’ which is minimized when 
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(1953) has shown that, when E{X/O0}/EKX IO) 10} 175, 


‘The present author 
h respect to the loss function 
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For the preceding problems, we see, from the results obtained by Lehmann 
(1951), that the concept of unbiasedness in the usual sense is equivalent to the concept 
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3. APPLICATIONS 
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From Goodman (1953) we see that the estimate S/(n--1) is the invariant 
estimate of oc? that minimizes the risk R;= E{Mo)(f(e)—c2)*|o®} and that is 
unbiased with respect to the loss function Wi[c2, f(%)]. 


We also see from Goodman (1953) that the estimate 


a শত 2) 
is the invariant estimate of c* that minimizes the risk R;,= EAoV f(a)—o)* lo") 


and that is unbiased with respect to the loss function Wilco, Vf(@)]. ‘The denominator 
d, in this case, is 


e-(5) (3) = (5) ) 


which is approximated by n—1/2, as can be seen with the aid of the asymptotic 
expansion of T(z). We find that this estimate f may be approximated by S/(n—1/2) 
and the quality of the approximation is illustrated by the figures in Table 1. (The 
square root Vf of this estimate f is not an unbiased estimate of oc with respect to 
the loss function (yf —o)®, but it is unbiased with respect to (Vf—c)*/o?; the 


estimate that is unbiased with respect to (Vf—c)* is the unbiased estimate of r in 
the usual sense, viz., 


VST )JIr(2) V2 (see, Cramér, 1946, P. 383). 
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Wilo2, f(e)]. bs 
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ON THE ASYMPTOTIC EFFICIENCY OF 
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By R. R. BAHADUR 
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1. INTRODUCTION 

ace of points %, and suppose tha 
alued) parameter 0 ta 
f 0 and suppose that 


Let X be an abstract sample sp 
é of x is determined by a (not necessarily real v 
set 6. Let yg be a given real valued function 0 

2,... let (2p, 2: 


estimate yg. Foreachn = ls Bs 
denote the sample space 0 


) to be & sequence 


n) = Yn) ( 
f 20): 


observations on x, and let Xn 
ference to J 


asurabl A= Me 25 2) 


(without explicit re 
1 

T, = T (tow) is @ real valued me 

tent if for each 0 

otically normal 

al numbers such 


e function on X ny, ( 

T = {T,} is said to be consis and each € > 0, P 

as n> 00; T is consistent and asympt (c.a.n., in short) 
} of positive Te 


© there exists a sequence {on 
T < 2%) for every 


) EHR P(N 
= 0 and E(N®) = 1. 


uted random variable with E(N) 
f T, when 0 obtains. 


from large samples (¢ 
in (1951), LeCam (1953), 


and lim PUT,—g0Nonld 
nu—20 


normally distrib 
called the asymptotic variance © 
y Of estimation 
and and Barank 
rences cited by these authors) h: 
al criterion of assessment of a 
own, rigorous th 
ull of complicati 
ed is surely that 
ak (or at least ill-determined 

gq Unless , of cour 


T, at the value of 
an 9, and cz is the actual V 


The classical theor 
a 1925), Neyman (1949), Gurl 

Rao (1955); cf. also the refe 

with c.a.n. estimates, the ust 

its asymptotic variance. As is well kn 

the criterion just mentione 

-of the reasons for the diffieu 


2 রন i 
02 of a statistic Th has very We 
n 


d has proved fi 
ties encounter 


concentration of the distribution of 
ally distributed with me. 


to be exactly norm 
229 


ndent and identically 
For each # = 1 208 
teof 8. Itis shown, 


that the asymptotic effective 


o standard deviation 
of the equation PU Tn—el = |) = PUN 2 Eo) 
notes a standard normal 
ve standard 
imates are der 
ts based on large 


deviation of the 


+ the distribution 
king values ina 
it is required to 


say) denote in 
An estimate is defined 


{T= 7 (say), 


An estimate 

(| T,—90)| > 6|0)20 

if for each 0 in 

that lim oil0)= 0 
nD 


x, Where Ve 
0£(0) is then 


f., 6.3 Fisher (1922, 
Kallianpur and 
as been concerned mainly 
particular estimate being 
obretical development of 
ons and difficulties. One 
the asymptotic variance 
) relation to the actual 
se, T, happens 
ariance of T,. 


sn SPATTSTTCOS Ses. BSE 4 
Vor.22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ PaRTS SAN 


To put it in another way, in comparing estimates which are c.a.n., but ৰল 
arbitrary, comparisons of their asymptotic variances appear bs lack justi hr Ee 
Indeed, Basu (1956) has given an example where such GOMPATIEODS Sebi শসা Ll 
misleading; this example exhibits two c.a.n. estimates, {Ty} and {Uy}, with asy us 0 i 
variances {a,} and {b,} respectively, such that a,/b, — 0 as n> 0 but, for every ¢ > ©: 


P(|T,—g(0)| BO) a0, as CEL) 
One of the objects of this paper is to suggest an approach, parallel to lis 
classical theory, in which a given c.a.n. estimate {T,} (or indeed any estimate) 1s 
discussed in terms of ‘effective standard deviations’, the latter being scaling constants 
which are well articulated with the actual probability distributions of the estimating 
statistics T,. This approach can be effected in several different ways. Te 
particular version presented here is tentative, and has no claim to logical necessity. 


Consider a c.a.n. estimate T = {7}, and suppose that for a particular #, 0, 
and é > 0 we wish, for some practical or theoretical reason, to compute P(UT,—9| 2 6): 
If 2 is the asymptotic variance of T,, P(|N| > elo,) is an approximation to the 
probability required. This approximation is, however, of unknown accuracy, and that 


fm 
is precisely why oc? is in general an unsatisfactory index of the performance of Ty. 
Suppose we define T as follows: 


Definition 1.1: For any real valued statistic T,, any 0, and any 6> 0, 
T= 1(T,, 6, 0) is the solution of the equation 


PUN| > er) = PUT,—9(0)| > el0), (0 <7 <0). ... (1.2) 
Then rT achieves what co is Supposed to do, i.e., the right side of (1.2) can be computed 
exactly by entering a standard table of the normal distribution with lr. 
Consequently, rT might be called the effective st 
regarded as a point estimate of yg, (b) 
right side of (1.2). IfT, 
every 6; TAT, 6, 0) 


andard deviation of T, when (a) T, is 
9 obtains, and (ce) it is required to compute the 
, iS exactly normally distributed with mean g then, for 
equals, as it should, the actual standard deviation of T, 

Although suggested by the study of c.a.n. 
applicable to any estimate whatsoever. 
valued statistics then ROUTE 


estimates, Definition 1.1 is 
In particular, if T, and U » are any two real 
_90)| > e|0) > PU =9(0)| > 6|0) if and only if 
TAT, 6,0) > TAU, 6,0). Again, T= {T ৰ oS 

for each e and each 0 in 6, TT 
based on Definition 1.1, 


may have some bearing 
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nt Let T= {T,} and U = {U,} be two estimates of g. We shall define the upper 
asymptotic efficiency of T relative to U when 0 obtains, £A(T, U|0) say, as follows : 
(1.3) 


AT, U0) = lim lim fry র্‌ 
Ue) = Fn TE Oe oA ee 0). Fw 


Similarly, the lower asymptotic relative efficiency, eT, U|0) say, is defined by (1.3) 

but with lim lim replaced by lim lim. In the brackets on the right side of 
E20 nD E530 n—+0%0 

(1.3), and elsewhere in this paper, we take the ratios 0/0 and 


to be equal to 1. Then e and 5 are always well defined, with 0 < ¢ 


oojoo, if they occur, 
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f the preceding 


are relevant to the definitions 0 
T 


d 0, T° is in many cases of the orde 


(roughly speaking) 


The following considerations 


In the first place, for given T,, 6, an 


paragraph. 
0)} exists in such cases, and 


1/n, so that lim {rAU, 6, O)/TAT, 6, 
n—2%0 

red to obtain comparable probabilities 

= E (say). In the second place, 

ating statistic will be concentrated 

mary interest. Since 


atio of sample sizes requi 
alue—actual value| > 6) 
any tolerable estim 


all values of e become of pri 
f ¢, it is therefore appropriate 


equals the limiting Tt 
of the event {J estimated Vv 
when nis large, the distribution of 
in a neighbourhood of 9, 50 that sm 
1 is made infinite as the first step in the definition 0 


that ¢ then be made to tend to zero. 

It may be added here that if we were to let 1 —? 00 and e— 0 simultaneously, 
by setting ¢ = Alyn where Ais @ constant, then the above definition of relative 
efficiency would reduce to the classical definition for C.4.n. estimates with asymptotic 


Variances proportional to 1/n. (ef. remark 3 in Section 6). 
mulation that if {Tr} 


and importance to the present fo 
proximately inversely 


en, for Jarge 1, T2 is ap 
for fixed e> 0 and 0, 


Tt is of some interest 
ate of 9 th 


is any consistent estim 
]; more precisely, 


proportional to log [LPEB) 
y l 
2 0g PUT—00l > e8= Ce LE aw 


relation is an immediate 


finitions and conclusions 
of probabilities of 


This asymptotic 
from (1.4) that de 


as n—>o00, where T is given by (1.2). 
dily phrased in terms 


consequence of Lemma 2.3. It follows 
concerning effective variances T° can be real 


deviations instead. both 
i rticular, that if T= {7} and U=1{U,} are 
Tt follows from (1.4), in par = 
consistent estimates of J and aT, U0) < 1, then, Er each yy small 
ent estimate : 0 gz 60) for all sufficiently large #; in fact (1.1) 

5 ঠ 


e> 0, PUT,-9l>2 10> F 
holds as n—> oo. ; i 5 
i ostimate T* = {7} is an asymptotically efficient esti- 

mat কলস nl f for each 0 in ©, HUT, Te |) 1 for all other 
e of yg if is CO 


consistent estimates T. 
931 


nsistent and 1 
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It is shown in Section 5 that asymptotically efficient estimates exist bel 

fairly general conditions, and that the method of maximum likelihood (m.l.) Wrionty 

k leads to such estimates. The main results may be described as follows. SUD 

for simplicity that 0 is real valued, that © is an interval, and that yg is a monotonic 

and differentiable function with derivative 9'(0) # 0. Suppose also that the sample 

space of a single observation satisfies certain wealk regularity conditions. It is shown 
that for any consistent T = {7} and any 0 we then have 


lim lim f{nri#(T,,c,0)} > [9'(0)]2/I(0). cs (1.5) 
£20 n2% 


Here I(0) corresponds to (and, under certain additional conditions, coincides with) 
i i i i * 1s Also s Vg * CET tun 
the classical ‘information concerning 0 contained in x’. Tt is also shown, under cert 


additional regularity conditions, that if U={C,} is the m.l. estimate of g then, fo! 
each 0, 


lim lim {nr20,,c,0)) <0). an (1.6) 
£20 now 


It follows easily from (1.5) and (1.6) that the m.l. estimate of gy is efficient 
according to Definition 1.2. 


Definition 1.3: Let T= {T,} be an estimate of yg, and suppose that there 


exists a sequence {v,(0)} of real numbers (0 < v, < 0 for each n) such that 
Un 3 lhe 16 সই 


lim lim {7AT,,c, 0)/v,(0)} = 1 


£220 now 


= lim lim {rXT,,c,0)/o,(0)}. ... (1.7) 


£20 nwo 


Then v,(0) is called the ASymptotic effective variance of T, when 0 obtains. 

Tt follows from (1.5), with 7, replaced by U,, and (1.6) that [9'(0)]2/n{(0) is 
the asymptotic effective variance of the ml. estimate of g. In view of (L.4), this con- 
clusion can also be stated as follows : With {0 a} the m.l. estimate of 9, 
PlD,-90)] > e|0) = exp (ner, +9,(6,0)]) + (1.8) 


where 10) = 1(0)/[g'(0)]2 and lim lim 


{lode 0)|}=0. (1.9) 
E20 now 
In the following Section 2 som 


€ purely analytical lemmas 
one (Lemma, 2.1) being 


@ result of Chernoff (1952 
of independent and identically distributed ran 


with the fundamental lemma of Neym: 
the asymptotic efficiency of tests of a 


are stated, the main 
) concerning the distribution of a sum 
dom variables. 


Lemma 2.1, together 
an and Pearson, 


are used in Section 3 to study 
Simple hypothesis against a simple alternative. 
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It is shown that when the sample size 1 is large, and the probability of an error of type 
os he minimum attainable probability of an error of type 
ln is approximately exp(—nH), where H is one of the information functions 
introduced by Kullback and Liebler (1951). (cf. also Savage (1954)). An application 
ঃ this conclusion to the stochastic comparison of tests (Bahadur, 1960b) is given in 
Section 4. The theorem of Section 3 is shown in Section 5 to lead to the asymptotic 

istent estimate of g also provides a 


inequality (1.5), by using the fact that a cons 
The inequality (1.6) is established, however, by 


two is bounded away from 1, t 


consistent test of the value of yg. 
methods typical of estimation theory. 


asymptotic theories of estimation and of testing 


from time to time, in more or less concrete 
example of a very concrete and explicit 
a limiting case of the theory of tests, 
ition from one theory to the 
mptotic efficieney of the m.l. estimate of 0 is formally 
ys to the effect that tests of 0 = 0 based on the m.l. 
ainst alternatives 0 in the neighbourhood of 00. 


Connections between 


hypotheses have appeared in the literature 


forms. ‘The present paper provides an 
connection. Estimation theory appears here as 


with the considerations of Section 4 marking the trans 


other. In particular, the asy 

equivalent to certain conclusior 

estimate are asymptotically efficient ag 
2. LEMMAS 

tically distributed real 


.. be a sequence of independent and ider 


Let 2,22, 
valued random variables. For each n = 1, 9. Jet 
n 
sve U2 
Sn = > 2; এ (2.1) 
i=1 


of constants, and define 


Xp Ee P(Sn 2 hy). 2:2) 


Let L,, ky, ... be @ sequence 


these conditions imply, 


following conditions (i)-liv) are satisfied; nl] 
2 0 but %, —? 0 very rapidly as 0—> %. The conditions 


s, that %n 7 


Suppose that the 
among other thing 


are (i) that 

lim {huln} = H (say), where —% < H <%. (2.3) 
n 20 
rating function (m.g.f.) of 2, ie. f(t) = Ble®). We 
0. It then follows from well-known properties 
hich includes positive values. 


f all orders in the interior of T, and that 
t2) under the expectation sign. 
jor Of T, such that 


ent gene 


Let % denote the mon 
o0 for SOMe t= 


suppose (ii) that (ti) < is 
of m.g.fs that the set {t ¢ <0} T ERY 
It also follows that $ possesses derivative 0 ei 
the derivatives may: be obtained by SE i nil 
We suppose (iii) that there exists @ P 
#Uo) = H. 
Ho) 
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an interval Ww 


sitive lo 
(2.4) 
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Finally, it is assumed (iv) that z is non-degenerate, i.e. 
P(z = c¢) < 1 for every constant c. +. (2.5) 


The reader may verify that conditions (ii), (fii) and (iv) are satisfied, in 
particular, if %(t) < oo for all t, H > E(2) and P(z > 1H) > 0. 


Define 
YO) = eng) = e-tMp(e). we 2:6) 


It follows easily from (2.4) and (2.5) that Y(t) = p (say) is the minimum value of Y, 
and that 0<p<l1. 


The following lemma, due to Chernoff, is basic to this paper. 
Lemma 2.1: Suppose that 
k,/n = H for every mn. ৯&7) 


Then (a) «4, < 0 < [Y(t)]" for every n and t, and (b) for any given e, with 0 < ee <P, 
&, 2 (p—c)" for all sufficiently large mn. 


Proof : For the Proof see Chernoff (1952). An alternative proof, and certain 
refinements of Lemma 2.1, have been given by Bahadur and Ranga Rao (1960) 
It follows from Lemma 2.1 that if (2.7) holds then n 


The following lemma states that th 
is relaxed to (2.3). 


“1 log «, = log p+-o0(l). 
is asymptotic formula remains valid when (2.7) 


Lemma 2.2: lim {nt log %,} = log p. 
n -—>০%০ 


Proof: Tt follows from (2.5) that the second derivatives of log ¢(t) is positive 


throughout the interior of T, so that %'(1)/%(t) is strictly increasing and continuous 
therein. Consequently, by (2.4), the equation %'(U)/$() = u has a positive solution, 
fu) say, in the interior of T, provided |u—H| is sufliciently small. Choose and fix 
& u > H so that wu—H is sufficiently small. Then we have &%, > P(S, > nu) for all 
sufficiently large nm, by (2.2) and (2.8). Hence lim nt log x, > =u f(u)--log B(f()), 
by an application of Lemma 2.1. Since fu) is a continuous function of u 
in a neighbourhood of u = H, and since ¢(t) is continuous in tin a neighbourhood of 
t= to = f(H), it follows by letting wu H that lim nllog a, >— Ht,--log ¢(t,)=10g p- 


By taking u < H, a similar Argument shows that Tim n-1 log &, < log p. Thus 
lim n-tlog %, = log p, and this completes the proof. 


Lemma, 2.3: log PN| > %) 


a 
ত [14-0(1)] AS t > oO. 


Proof : This is an immediate Consequence of the lemm 


Dp. 166) @ given in Feller (1957, 


4‘ 
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The next and final lemma is to the effect that the asymptotic effective variance 
(ef. Section 1) of the sample mean of » independent and identically distributed random 
variable 2, zs, ... exists and equals n—1 times the actual variance of eachz. It is 
assumed now that the m.g.f. of z exists, i.e. that there exists a 6 > 0, such that 
%(1) = 2 (¢) < oo for all t with |t] <. We also suppose, without additional loss of 


generality, that 


E(2) = 0; and 0 < E(z*) < oo. (2.8) 
S,, is defined by (2.1) for each n. 
Lemma 2.4: If Aue) is defined by 
PU Sun 6) = AlN > 6/A,(6)) (2.9) 
for e> 0 and » = 1, 2, ... then - 
lim lim {n A(e)} = Bz). (2.10) 
c—20 uD 
ne? L 
-বুদ্লহ্য [1+ 65n(8)] Bln 
Bquivalently, PUSilnl26)=¢ 
' hs 3 (2.12) 
where Le Ee {6,(e)} = 0. 


i tively 

< 0. Let t, and ts denote the solutions, respec ¥ 

- ক al SOI — 6. It follows from (2.8) that 

oy determined for all sufficiently small é. Let a = Yt) 
defined by (2.6), with H replaced by é therein. 


3 B) Appli- 
i 2, > n6) +P > (=z) 2 ne). APP 
The left side of (2.9) is equal to l Pll 2 ) ( দ্‌ ) 
bp", where a,—? 4 and b,—? b as N20. 


Sj is equals an: 
cations of Lemma 2.2 show Et in on CE ¢ = max {a, bj. Consequently, 
২3:2 


It follows hence that P(SulIn > 
a1 Jog PUNT > efhule))} = logo, (213) 


Proof: Consider 
of the equations #'(L)/$ 
t, and t, exist and are uni 


and b = Y(t), where Yi 


lim {n 
n—?%0 k 
(2.13) by Lemma 2.3 that 


by (2.9). It follows from (2.9) and 4 
6 
lim {n M6} = —3logc 
nD 
of ti and (2.8) that t, = e/o24-0(6) as 60, 
Pa 1-+-t202/2+-0(°) as t2 0, We have log 4 = 
ye pansion is valid also for b, and there- 
(2.14). The equivalence of 
This completes the proof. 


(2.14) 


Tt follows from the definition 
Where o2 = ¢"(0) = B(®). Since P(t) 


‘his last ex 
ti 4+ log (ti) = —e2/2 ত ত ঠৰ fo follows from 
fore for c. The desired conclusion (2.10) 


of Lemma £3: 
(2.10) with (2.11), (2.12) isa consequence 
235 


Vor.22]  SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ PARTS 3&4 


3. ASYMPTOTIC EFFICIEN€Y OF TESTS 


In this section and the following one we consider the statistical framework 
described in the first paragraph of Section 1, but no parametric function y is specified. 
The following three conditions on the sample space X of a single observation .t are 
assumed to hold. 


Condition 3.1: 0 is identifiable, i.e. if 0, and 0; are points in © with 
0, # 0, then Pz in A|0,) # Plain A|0,) for at least one measurable set AC X. 


Condition 3.2: The set of alternative distributions of x is dominated, i.e. 
there exists a c-finite measure on X, say (A), and a non-negative function f(x|0) on 
X X 0 such that, for each 0 in 6, f is measurable in x, and such that 


Pein A|0 = | flO) dn for all AC X. == (8:1) 
d 


Hy 40, 00) = log [f(|01)/f(|00)]. (3.2) 


As in Section 1 in another context, 0/0 and w/o are here understood to be equal to L. 


Condition 3.3: For any two points 0, and 0, in ©, 


E(22|0,) < wo sn (8:8) 


and Blexp (62)|0,) < 0 for some ¢ = ¢(0,,0,)> 0 5. (8.4) 


where 2 is given by (3.2). 


Of these conditions, Condition 3.3 is the only one t 


Bans FAA afb Oe hat is at all restrictive. 
‘The condition implies, in-particular, that the set of 


Kk P+ alternative distributions of ®@ is 
homogeneous, i.e. if P(4|0) = 0 for some 0 then P(4|6) = 0 for all 6. 


Let 0, and 0, be any two points of © with 00 #0 
section we restrict attention Lo the problem of testin. 
0 = 0, against the simple alternative th. 


In the remainder of this 
£ the simple hypothesis that 


. at 0 = 0,. For each mn, let tn) denote a sample 
(2, 02, -.., tn) Of 0 independent, Observations on %, and 


of wey, a8 in Section 1. A test is defined to be a se 
VW, is a measurable subset of Key 


let X ) denote the sample space 


quence {WV ,} = W say, such that 
For any given test W = {W,}, let 


AAW) = AAW,) = Play in Wi |00), BAW) = B(W,) = Ply not in Wi ]0,). ... (3.5) 


&%, and f, are then the probabilities of errors of 
y ১ k 5 of the first and s Inds. Sespaectiye 
in using W, as the critical region. PE RU OI Anon gretita i 
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Definition 3.1: €(= €(0,)) is the class of all tests W such that 

lim 

3 {AAW)} < 1. (8.6) 
For any test Win @, k 

c(W) = lim {2n-tlog [Loa W)]}, AW) = lim {2m log [HatW)D. a (8.7) 
n—> 0 20 

c[é] is et 
cls] is called the lower [upper] asymptotic slope of the test W. 
been discussed by Bahadur (1960b) in 


nptotic slope has 
a sequence of real valued statistics 


r 5 
The notion of asyt 


the speci: 
a ke case when the test W = {W,} is based on 
tisfying certain conditions. This special case is also discussed in the next section of 


le Pp, Hor the present, let us note that the ratio of the slopes of two tests serves 
ee a asymptotic efficiency in the following Sense. Let We = {WP} and 
(a ee i Ey) be two tests, and suppose for simplicity that 0< AW) = AW) = 0; 
ay সে টি 0,1 = 1,2. Given 6, 0 <ce< 1, let Mie) be the least positive integer 
fi such that a(W®) < e, where % is defined by (3.5). Tt then follows easily 
rom the definition (3.7) of ci th 2 log 6)|(;+6;), where 6,20 


i at Me) = (2 

S 620. Consequently, lim {c)/M (2(6)} = calc ie. calc, is the limiting ratio 
n—? 

Ww and W 


attain an arbitrarily 


(2), respectively, to 
Wd is more efficient 


0 
f the sample sizes required by 
Small probability of an error of the first kind. In particular, 


ir 

(in the present sense) than W®! if 01 > 2 
s in effect that, in t 
as the maximum slope, 


each one of a 


he class @, 
and that the 


The following ‘Theorem 3.1 state 


oa of Neyman-Pearson likelihood ratio tests h 
Umerical value of the maximum slope is 2H, where 
Definition 3.2: H = Hl, 00) = Bele lO 00)]01]. +--+ (8.8) 
1—3.8, the definition (3.2) of 2, and the inequality 


It 
follows easily from Conditions 3. 


l 
98 < t=1 for t> 0, that we always have 0 < H <%. 


(| 0, 00) 


Let 


when 0; Obtains. It 
a be @ constant, 


(3.8), 0 < 1 lo of 


e variance of 2 
GE 0: 


) denote th 
is given by 


toll Let 02 = 02%0;, 00 
ows from Conditions 3.1 and 3.3 that 0 
2:0 ls where H 


O<a < ow, and put rn = exP [nA+ Vn 


Theorem 3.1: (i 


for all W in @ 
i 1 of Wi and (3.5) 


py the definition 
Proof: Write #i = ail 9,). Then jy 
. 3  #e. 2 a K 9 ৰ tl টি 
We have B(W:) = P(E ী ne x old. SET 1 ন oe + ihe and 
; — PUSS! 2i— ee 
eet when 0 Sting it follows from the contral limit theorel 
} 1 2 — PUN <d) a (3.9) 


lim Bn) 
gi (3.6), and part (i) 


(3.9) that 


W* 8 tisfies is established. 


Sin 
Ce « is finite, it follows from 
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We have AW) = P(X! z, > nH + Vn aco), by (3.5) and the লাকা 
W;. We shall apply Lemma 2.2 to this x,. Putting fl, = WH Vr oe be" a 
(2.3) is satisfied. Since L(e(t+2|0,)= E(ee|0,) by (3.2), it SOO bat of 
assumption (ii) preceding Lemma 2.1 is satisfied and that t = 1 is an es Tf লা 
the interval on which (lt) = E(¢?|0,) is finite. Since 9'(0)/O(t) = Eze 100) i 
follows from the present definitions of z and H that %'(1)/%(1) = H, so hoi চল 
tion (iii) is also satisfied, with to = 1 (cf.(2.4)). It is readily SBE TOM spite 
(iv) must also hold, otherwise Condition 3.1 would be violated. ‘Thus saa ui 
applies. In the present case, p= Y(t) = exp [—toH]. oto) = exp [—H), Ln 
ni log x, —H as n—> 0. In view of (3.7), this establishes part (ii). 


‘To prove part (iii), choose and fix a test Win @. Then choose and fix Lae» 
% and é > 0 such that BAW) < P(N < a)—e for all sufficiently large n; the ene she 
of a and ¢ is assured by (3.6). Let W* be defined as in the paragraph preceding ns 
statement of Theorem 1. It then follows from (3.9) that B(W,) < B(W:) for all " of 
ciently large n. Since W? is a likelihood ratio test, it follows from the BEE at 
Neyman and Pearson that we must have AAW) > AAW!) for all sufficiently IE ie 
Hence AW) < a(W*) by (3.7). Since A(W*) = 2H by part (ii), this completes 
proof of the theorem. 


| g ms of 
The quantity H has been studied by Kullback and Leibler (1951) in terms 
the sample space of a single observation a. 


B if 
They showed, in particular, that 
Y = S(x) 


is a statistic defined on ZX, and if HO, 0) is the resulting quantity 
2 is replaced by y in the definition of H, then Hy < H, with equality if and only fe ক 
is a sufficient statistic relative to the two-point parameter space {0;, 00}- ‘Theoven bi 
affords the following statistical interpretation of the stated theorem of Kullback 
and Leibler. Writing Yi = S(z;), suppose that instead of the original sequence 
2, 22, ... only the sequence Vv Ys, ... is made available to the statistician. Then the 


. . . . . ) a i ) iS a 
maximum asymptotic slope available (i.e. 2H) is the same as before (i.e. 2H) if Sis 
sufficient statistic, but is otherwise smaller. 


£. THE MAXIMUM SLOPE OF A STANDARD SEQUENCE 
In this section we Consider th g the null hypothesis th 

= if YC is ive 1 i i i 5 
0 = 0,, where 0, is a given Point of ©, by means of suitable real valued statistic 
Let T, T, ... be a sequence such that Tis 


@ real valued measurable function of * 
Write PT, < 40) = F (wu). 


at 
€ problem of testin ‘ 


Definition 4.1: {T,} is s 


aid to be a standard se 
if the following three condition: 


quence for testing 0 = 4 
S are satisfied. 


(D lim F(a) = Pu) for every © 
where F is a continuous probability distribution fanation, 
on (0, 0) into (0, 00), Say /f, such that for any Sequence {u,} with uw —> 0, uz/n—? @ 
Where 0 < d < ow, we have 2n-1 log U—-F,(y,)]— —f(d). (IT) There EE a function 
b on © such that b(0,) = 0 and 0 < 6(0) < wo for 0 #0, and such that {TV 


le 
(I) There exists a functio 
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isa চহ K 
consistent estimate of b. Tf EY, is a standard sequence, f(62(0)) set: 


totic slope when 0 obtains, (0 # 00). 

া i pi" that {T,} is tt standard EEUCTCE: Then T, has a limiting distri- 
SlbntGennd = 0. but T 2%0in probability IF 0 0 so that large values of T’, are 
yo লণ hn MP 58 regarded as 2 testing statistic. Consequently, given Un), 
L ৰ nltm)) ঃ Ly (say) is called the level attained by T, in the given case, i.e. 
% £ চু! probability of obtaining a value of Ti, which is greater than or equal to the 
is Tu fe" ohesrved. j Waite RK =—2 log Li. It can pe shown that in the null 
ee n Enes nD distribution to a chi-squ , and that in the 

on-null case K,/n > f(0%0)) in probability. 

ratio of the asymptotic slope 
g, the inverse ratio of th 
of significance in the non-null cease. A 
tests are given by Bahadur 
he method makes no explicit 
connection with the 


are with two df. 


This last result implies that the s of two alter- 
native standard sequences is, roughly speakin: e sample sizes 
required in order to attain comparable levels 
number of examples of this method of comparison of 
(19602, 19606). As is stated in these papers, although t 
reference to the Neyman-Pearson theory of tests, there is a formal 


latter theory. This connection is exploited in the proof of Theorem 4.1 below. 
said to be non-degenerate at 0; if there exists 


A standard sequence {Tut is 
a sequence of constants, {hy} Say, such that 
0 < lm POU, < hilt) S im PU, <hild) <1. 
আব n- 
n—20 


(4.1) 


9. and 3.3, We shall now prove 
Ee 


As ও) 
Ssuming Conditions 3.1, 3. 
jy 8 non-degenerate at 0, its asymptlo- 


If the standard sequence {7 
0 obtains. 
Proof : Choose and fix 2 0, # Yo and suppose {Ti} non-degenerate at Bi: 
Then there EE a sequence {ha} such that (4.1) holds. For Bach ৰ" let 
W, = fea : ne ) > hi} and regard W =a test El 0, against 0; (cf. 
Section 3) Then Wis | lass ©, by (4.1) and Definition 3.1. We shall show that 
o(W) = AW) = f(0%0:)). 
(iii) of 


Yu Theorem 4.1: 
lic slope cannot exceed 2H, 00) when 


(4.2) 


Theorem 3. Eo 


from part 
) in probability, where 


T i 
he desired conclusion will then follow 
1, TVR? UC 


By condition (I) of Definition 4. 


0 
< b(0,) < oo. It follows hence that 
n (4.8 
lim {lyn} = bli), (4.3) 
n—-2%0 
> hil0) = 1—Filh). 


TE 
bn otherwise (4.1) would not hold. Nov Teh Pi KE 9n- log [1a T)] 
ollows, therefore, by (4.8) # This completes the proof. 


i (bo, )) 001) as =? 00; Le 


1S PARTS 3 & + 
Vor. 22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Par 


দ্‌ Fh AAR 
In general, there exists no standard EEO Heh 3s ৮-০৪২ তারকা 

that its slope equals 2H(0, 06) for each 0 in 6. This is essentially কক cn 

for given n and given size «, there exists no uniformly USL চৰ u ks oie" 

in Xy) for testing 0 = 0, against the composite Byrpotliosls 6 3 Oi i চটক SED 

where such regions do exist, and consequently an optimum standard seq 

exists, is treated by Bahadur (19608). 


SXIStS 
It seems fairly certain, however, that under general ONC oe eo" 
standard or nearly standard sequence {T;}, with slope c* say, which is locally of prey iE 
in the sense that c*/2H tends to 1 as 0 tends to 0, through non-null big ogee 
nearly optimum throughout a neighbourhood of 09. This is argued in the su he able 
paragraphs of this section. The notion of local optimality seems to be of fon TED 
interest. One reason is that if 0 is very distant from 0, it is implausible or ie 
sample will be drawn for testing purposes, so that asymptotic SOMITE so 
native standard sequences (whatever such comparisons may be worth) might as nh 
be confined to the immediate vicinity of 0. Consequently, a locally optimum ol 
is, for practical purposes, an optimum sequence. This argument is, of course, Le 
to the argument for letting e tend to zero in the definition (1.3) of the relative efficl 
of two estimates of a given parametric function J. Anoth 
Suggested, and as will be clear from the following p 
optimality lies well within the relatively unexplored t 
of efficient testing to that of efficient estimation. 


si © dy 

er reason is that (as is alrea i 

r 1008) 

aragraphs) the problem of C " 
ransition stage from the proble 


Suppose that © is an open set in the tk 
9 = (9%, 90, ..., 0), 1S Ee 00. 
H(0,0,) is a sufficiently smooth funet 
ferentiation with respect to 00 


dimensional Euclidean space of ee 
Suppose that, for fixed 9, = (0%, OF, GS পৰ 
ion of 0; to be specific, let D; denote partial rg) 
» And assume that the second order derivative 1s i 
[H(0, 0,)] exists and is a continuous function of 0, for all ty = Ld BRO 
H(0,, 0,) = 0, and H(6,0,) > 0 for 0 3s) 


i nN 
os it then follows from Taylor's theore! 
that with 15(9,) = {D;D;H(0, 0)}s 0, and 


k 
(0, 0,) = X10) (000g) (0009), (4) 
ij=1 
we have 


(0,0) = 1 l0,0) 
where €—> 0 as 0 > 00. {Ii(0,)} 


[1-4-e(0, 0) an (8) 


1S Necessarily a symmetric Positive definite matrix. 


Tt follows from the definition (8.8) of H that with 2 — 2(@|0, 0,) we have 

H(0,0,) = BG e0,) 
Assuming that Diz] and DiD, 
commute with the expect 


» and B(e|0) = 1. un (4.6) 


[2] exist for each 2, 


) : and that the operators D; and Dib 
ation Signs in (4.6), ( 


by) = 19, t), it follows from the 
240 


ON THE ASYMPTOTIC EFFICIENCY OF TESTS AND ESTIMATES 


Drecedi ত 
Preceding definition of Li; by @ straightforward calculation that 


Tij(00) = Eun; |0), where u, = {Dillog f(e|0)]}e=00 
ides with the classical information matrix. 


(4.7) 


and B(u,|0,) = 0. Thus [Ij] coinc 
be a measurable function on Xun into # dimensi 


nea ie car = (VO), Ee Viee)), uch Le for each 0 in 0, Vn (V,—0) 
OG cw ন ibution to the b-voNS normal distribution with mean zero and covariance 
is 2 (0)} = {1i(0)}-!. Tt is known that these requirements are met if, for example, 

, = the m.l. estimate of 0 based on ny: and if certain regularity conditions (which 


need not be specified here) are satisfied. Let 
EM ET ES 
F 
Tela) = fn La(0TE—ATE— 0): 


i,j=1 


Now, for each m1, let V, Ht 


(4.8) 


Then it is easy to see that {T:} satisfies condition (1) of Definition 4.1 with 

Fu) = Ply, < u), where Xk is chi-square variable with % d.f., and that (II) is 

satisfied with b(0) = /Q0; where Q is given by (4.4). 

ult to verify condition (IT) in the general case, and to deter- 
ondition (assuming that such a 


th {T:} by that ¢ 
t level attained by Tt in a given case, LL 
Definition 


Tt seems very diffic 
mine the function f* associated wi 


function exists). Consequently, the exe 
say, cannot be treated by the method described in the paragraph following 

Pv: > Te(2n)) = IL say, is an approximation to Li and 
Tt can be shown that Lemma 2.3 remains 
Tt follows hence that, with 
S, ina certain approximate 


(4.5) that, again in a certain 


4.1. However, given @mny: 
this approximate level Lh is easy to analyse. 
valid if |N]| is replaced by Xt (of. Bahadur, 1960). 
R= _2 log L9, Kin tends in probability Q. Th 
sense, @ is the slope of {Ti}. It no follows from 
approximate sense, {I} is @ locally optimum sequence. 
Tn order to show that {T', is exactly 2 locally optimum sequence, it is neces- 
sary to show at least that _on-tlog PT, 2 T(x) | 90) tends in probability to c*(0) 
(say) when 0 obtains, and that c*/Q2? 19s 020, It isto be hoped that this can be 
done by the methods Ed in the following section, provided {Ti} is constructed accord- 
ing to (4.8) from the m.l. estimate of 0. 
5. THEOREMS oN ESTIMATION 
in the first paragraph of 
fined on ©. It is assumed that 
atements of the additional condi- 


nt fixed point of 6. 


consider the framework described 
valued function de 
atisfied. Tn the st 
arbitrary b 


Sects In this section we 
Section 1, with g @ given real 
Conditions 3.1, 3.2 and 3.3 are 8 
tions required in this section, 0, denotes AM 
Condition 5.1: Given 0,, the set 
{0:90 1a0)—9000)| =) = 

ntly small 6 > ©. 
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Se, 00) (say) 


is z 
non-empty for all sufficier 
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Definition 5.1: For any e> 0 such that S/(e, 0,) defined by (5.1) is non- 
empty, , 2 (5.2 
cl Je|0,) = inf {H(O, 0,) : 0 in Se, 05}, “ 1B:8) 


where H is given by (3.2) and (3.8). For any real 7 > 0, 


KN0,) = lim Latlel, + (5.8) 


£20 


CU ing 
Although KY) is always well defined, with 0 < K9 <, the interesting 
Case is when 


5.4 
0 < E20) < oo. un (8:8 


It is evident from (5.3) that, given 0, (5.4) can hold for at most one value of r. This 
useful value, if it exists, is usually 7 = 2, and occasionally 7 = 1. It should also be 
noted here that the useful value of 7 may vary with 0 in a given estimation problem 
(ef. remark 2 in Section 6) 


yl of 

The following theorem, which gives bounds on the rate of convergence pC 

any consistent estimate, is valid provided only that Conditions 3.1-3.3 and 5.1 are 
satisfied. 

Theorem 5.1: 


্ ্ a0 in 
If T = {T,} is a consistent estimate of yg then, for every 0 
© and every 7 > 0, 


tm lim (ne): log PUT,—9(0)| > e|0)} > KO). ue (6.5) 
E20 n—>%w 

Proof : Choose and fix an rand a 0 

0,. Choose e > 0 s0 small that S(e, 00) 

set. Let A be a constant, 0 <A <1 


o in ©. We shall establish (5.5) at this 
is non-empty, and let 0, be a point in the latter 
» and put 6 = 2c. 

For each 1, let W, = {. 


Way IT,—9(0,) | > 6} and regard W = {IV} as @ test 
of 0, against 0, (cf. Section 3). Then 
AW) = PUT,—g(0,)| < 6]0,) (8.6) 
by (8.5). Now, 19(0,)—9(0,) | = 6, so that 
IT,—9(0,) | > le~—|T, — 90) | (5.1) 


for every 4). Since 6 = 26 < 6, it follows from (5.6), (5.7), and the consistency of 
T, that B(W;,)> 0 as n—> oo. Consequently, W is in the class €@(0,) of Definition 3.1. 
Hence AW) < 2H(0,, 0,) by Theorem 3.1. Tt follows from the definitions of @ and 
that this last conclusion is 


ESR or log PT, yg0)| > $]00)} > —Ho,, 0). (6.8) 


242 


ON THE ASYMPTOTIC EFFICIENCY OF TESTS AND ESTIMATES 


Since 0, in S/(6, 00) is arbitrary, it follows from (5.8) by (5.2) that 


iim (on 2) log PUT,—900)l > 6100) > — ED. oe (69) 


nD 
Since € is arbitrary, and 6 = Ae20 continuously through positive values as 6 0, it 
follows from (5.9) by (5.3) that at 0, the left side of (5.5) is not less than —KPN(00)/A. 
If Ky(0,) = 0 or oo, this establishes (5.5) at 0; if 0 < KyX0,) < oo, the desired 
conclusion follows by letting the arbitrary A tend to 1. This completes the proof. 
1g proof that (5.5) is valid not only for consis- 


It is easy to see from the precedit 
2610) 


tent estimates but for any {T,} such that 9(0,) = 9(0) implies lim P(UT,—9(0)| 
nD 0D 

<1 for all positive 6 < |9(0,)—9(0)|. 

ffortless generalisation of Theorem 5.1 is to the case 


when y is not necessarily real valued. Suppose that 9 is a function on © into a metric 
space, and that Condition 5.1 is satisfied, with | d(0,)—9(00)| = the distance between 
(0;,) and g(0,). With the obvious definitions of a consistent estimate of g, and of 


KINO), the preceding proof of (5.5) applies verbatim. 


A different but equally e 


it will be necessary to assume that 0 takes 


values in a Euclidean space, and that HO, 0) and 9(0) are sufficiently smooth functions 
of 0. For simplicity, we shall consider only the case when 0 is a real valued parameter. 
The parallel development when 0 is a k-dimensional vector is discussed briefly in 


remark 4 of Section 6. od 


In the remainder of this section 


an open interval. For 0 in the 


Condition 5.2: 0 is real valued. © is 

neighbourhood of 0, 

Hipp CAAA (6.10) 

Where 0 < I(0,)) < %o. 9 nection of 0. 
(4.4)—(4.7) that, 


is a differentiable fu 
phs containing 
with the classical 


It follows by taking Elin Let 10) coincides 
Under certain regularity conditions, I defined by (5. ন its চ 
] in ’, but these additional conditions are not 


্‌ f 
- ‘Information concerning 9 contained 
required at present. 


stent estimate of g, then (1.5) holds for 


Theorem 5.2: If T= tL} is 0 COSY 
each 0 i j | 
in ©. 9 in 0. We shall establish the inequality (1.5) 
Proof: Choose HAT (00) # 0 for otherwise the inequality 

tisfied. Moreover, for 


at 0). Since 0 < I(0,) < 0, We দা পল gion 5.1 is 52 
1S trivial. Since 9'(00) # 0, it is plain that Condi 5.6, 00) 50 that 0,2 00 28 6 0. 
each sufficiently small € > 0, we can choose @ 0. ন glés 0. 
| sma s 
Since J (el) < HO, 00) for every 6 by (5.2) » We AV 
00) (5.11) 
00) Hs, 0a 
Jee < 0-0 
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Tt follows from (5.10) by letting €—> 0 in (5.11) that Ce 
KP(00) < 21(00) | [9'(00)]°. (5.12) 


Tt follows readily from (1.4), (5.5) with 7 = 2, and (5.12) that (1.5) holds at 00, and this 
completes the proof. - 


Theorem 5.2 states in effect that the asymptotic effective variance (Definition 
1.3) of a consistent estimate of yg cannot be less than [9']*/nI. The remainder of this 
section is devoted to showing that, under certain additional conditions. the asympto- 
tic effective variance of the m.l. estimate is equal to this lower bound. The conclu- 
sion to be established is, in a sense, stronger and more precise than the conclusion that 
the m.l. estimate of gis a c.a.n. estimate with asymptotic variance [g']2/nI. The 
regularity conditions which we shall require are essentially a combination of Wald's 
conditions for the consistency of the m.l. estimate of 0 (Wald, 1949), of Cramér’s condi- 
tions for the asymptotic normality of a root of the likelihood equation (Cramér, 1946) 
and of conditions required in order to apply the lemmas of Section 2 in certain Ways. 

Let L(0|z) = log f(z|0), where f is given by (3.1), and let D = 0/00. 

Condition 5.3: (i) For each x in X, L(0|2) is a thrice differentiable function 
of 0. (ii) With 


u|0) = {DL}, _,, and v(2|0,) = DL), sa» (B18) 


we have 
Eul0,) = 0, But |0,) = — E(v|0,) = 100). 


(iii) ‘There exists a measurable function w(x] 06), and a neighbourhood of 0, such that 
LDEL| < w(x | 00) 

for every x in X and every 0 in the neighbourhood. (iv) The m.g.fs of u,v, and w 

exist when 0, obtains. 


(5.14) 


(5.15) 


In Condition 5.3 (iv) and in Condition 5.4 below, the finite existence of m.g.fs 
is required only in a neighbourhood of the origin. 
In the following, for Any real v 
92 C6, we write M9) = sup {h(0) 


alued function h defined on © and any set 
by (8.2), 


:0in0}. In particular, with %]0, 0,) defined 


ডY 


2z]9, 0.) = sup {2(x|0, 0 
Since (x0, 0,) is measurable in % for ea 
continuous in 0 for each 2%, it is easy to 
necessarily finite valued) 


0) 0 m0}. es s+ (5418) 


» according to Condition 5.30), 
» 0) is measurable (but not 


Condition 5.4: The m.g.f. of x] 0,0 
Since 0 <#(t|o, 0) < %, this condition Is equivalent to Vo 
for some t > 0. The reader may verify that if X is a discrete sample 
1 0: f F টলি 
P(e} 06) < % for some power p ~ 1, then Condition 5.4 is satisfied 


0) exists when 0, obtains. 


(ete | 00) < 0D 
Space, and 
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In order to 

> state the next 
© = (0: xt and final 5 যে 
{9:0 <0 <b}, where —0 <a <b < al regularity condition, suppose 


Condition 5.5: For ; i 
Cn or each in X, f(z|0) tends to a limit as 0 tends to a or 
fla) = lim {f(el0 |) = Ei 
a Hw in Yel ed= pp E মন 
ave mle :f(ela) flO} > 0 and us :f(elD) #/(l00) > 0 
N i _ 19 
ow, for any n= 1,2,... and any tn) = (ty, 2, 2 an) in Xany let LQ |e) 


denote A ত 
ote the logarithm of the likelihood function given 2n)> i.e. 


= log Il fe,l0) = Ola) + ce TF (0a). (5.18) 


i=1 


Lio | em) 


Let ne 
; Miva) be the (possibly empty) set of points 0 in © such that 


Lilo fe) le Lio |e). 
{,} is said to be an m.l. estimate of 0 
and if Tle) 8 in Milton) 


6 an Ml. 


Definition 5.2: A sequence T= 


if, for each n, Ti i দা 
n,T,isa measurable function on Xu into 6, 
A sequence U = {0} is said to b 


wr te TE 
h1enever the latter set is non-empty. 
is an m.l. estimate of 0. 


esti Ee n A 

nate of (0) if U, = HT), where T, 
We can now state 
Lemma 5.1: There exists an m.l. estimate of 0. 

y choose @ point fl, in®0, in such @ way 


we can surel. 
asserts that this choice 


) is empty or consists of more than one 

tion of tn iS measurable. The proof consists in giving 

based on the continuity of the likelihood function and 
ause it is rather long and uninterest- 


f is omitted bec ) 
of the following paragraphs apply to any given m.l. 


Giv iS 
xiven nm and mn): 
pr SOt iS non-empty. Lemma 5.1l 


A 
hat Tis in M, if the latte 
for which M(t 


Cay . 
কল be exercised (for those ©n) 
nt) so that the resulting func 


a Ma i 
tre definition of T, 
ন separability of ©. This proo 
a and because the arguments 
imate. (cf. LeCam, 1956). 

b In what follows {fi} is 2 given m.l. estimate of 0. It is assumed that 0 
obta; [0WsS, | 
tains, where 0 is an arbitrary put fixed point of ©. 
Given h > 0, there caists ps0 EPS 1, such that 

6:18) 


Lemma 5.2: 
PUT,—00l 2 h) ৰ A 


Jor all 
| y ntly large nm. 
g . 65 imate [0 0 Its 
5 the stron, CO em [4 f 
of of consistency 


k sancy SOUL 
This lemma implie EEC মনা 1949). 


Proof i 
oof is along the lines of Wald’s pro 
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Proof: Consideradin © with 0 #0,. We shall show that 


CLUES RT iss IBi20) 
Letting %(t) denote the expectation in (5.20), we have (0) = (1), by the momen 
of z and the present assumption that 0, obtains. Since % isan m.g.f., dis I 
in [0,1]. Suppose that %(t,) = 1 for some tin (0,1). It then flows from convexi 
that § = 1 for all tin (0, 1) so that $"() = E(z2¢2) = 0 in that interval. Lo 
Pz = 0) = 1, i.e. P(f(z|0) = f(z|0,)|0,) = 1. Consequently, u{f(|0) x f|0,)} = 0, 
and this is contrary to Condition 3.1. 


Next, let f(z |a) be defined by (5.17) and 2c |a, 00) 
We shall show that (5.20) continues to hold w 
be a sequence in © which tends to a. 


in the preceding paragraph, we have 0 


it follows hence by (5.17) and Fatou’s lem 


as usual by (3.2), -c0<z2<0o. 
ith 0 replaced by a. Let 0,, 03, ... 
Writing ¢; for @ when 0 is replaced by 0; 
(1) = 1 for cach i. Writing 2 = 2(%|a, 00), 
ma that with %(t) = B(¢) we have ¢(1) < 1. 
Let ¥=1 if2> 


—%0 and y+ = 0 otherwise, and let %ot) = Bye). Then Holt) < Ht) 
for all t, with equality for 1 > 0. Suppose that there exists 
that 6(t,) > 1. We then have %ot) > 1, Bo(0) < 1, 


on [0, 1], it follows that $= 1 on this interval. 
ie. Pe > ==09).= 1. Consequently, lt) It follows hence, 
a8 in the Preceding Paragraph, that P(> = 0) = 


1, and hence Hf fa) 2 fe |00)} = 0, 
Which contradicts the second part of Condition 5.5. The argument of this paragraph 
Obviously remains vali 


each 0 £0, in O* 
as in the preceding paragraph. 
that Bexp[iz(z|o, 0,)]) < 0; 
VS from (5.20), by an application of 


’ bat for each 0 in o# with 0 0, there 
)) Say, such that with 


= Sup (0, 00) : 


2*(2|0) :0Vin 0), ob) = 


= Ect) as BAL) 
we have 0(0) < 1, and Such that (0) is Open in 6%. 

Given h > 0, let 0 be the set {0:0in 0*%, 19-9, SH. Ios empty, (or 
indeed if 2—{a}—{b} is empty) then ais, 
(5.19) holds for every 


> his an 


bE 3 impossible event, so that 

P = t (say). Su OSC nN a j Since 
9 is a compact subset of 6%, and 9 does ঃ iLL Hon-empty. Sine 
number of points in 9, 


Of contain 0,, it is possible to find a finite 
Sy 01 0, +. 0; such that 9 


where (0) is defined for each 0 x 0, in the Preceding pai 


৫ 0) + 9(0,)-L... 4+ N0,), 
ragraph. 

Now consider @ fixed 1 and 

t there do exist 0 values in 


Then Tis in MW, and 


ty), 
first tha; 


and Suppose th. 
6 for 


ৰ at 1f,—0,] > h. Suppose 
which L (0) = Li), i.e. Mis non-empty. 
also in 9. Consegquent, L 


(9) > Lf) = L(0) > L000). 
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Thus 
Lilo |) 2 Lil0ol 2). (5.22) 


6, Lil) Z Li(0). In that case, Li(0) = 


Suppose next that M, is empty, i 
2) continues to hold, since a and b are included 


max {Li(a), L(0)} > Li(00); hence (5.2 
in 2. Thus I2;,—0,l > h always implies (5.22). 
Since 2 C 3(0,)4+...+H0:), (5.22) implies 
max {LA(0;) | n)} > Li0o] 2m). 
1<I<k 
i n 
Now, for any 0, LA(3(0) |e) — ZLnlOol ten) is less than or equal to > z*(ail0), by (5.18) 
inl 
and (5.21). Consequently, (5.23) implies 
(5.24) 


mn 
max { b> 2 9))} > 0. 
LEE ‘= 


z*(4, 10) 2 0. Then (5.24) is equivalent 


7 
Let AY) denote the event that 2 
i= 
the preceding paragraphs, 


to AD + A® H+... +A. Consequently, by 


PUf—0l 2% ST PAP). (6.25) 
j=l 
taking H=0 and 2 = 220) in 


5.21). Let po = max 
side of (5.25) does not exceed bp. 


p" for all sufficiently large 1. Conse- 
This establishes Lemma 5.2. 


Tt follows from the definition of AY) by 


Lemma 2.1 that PAP) < [polo], where (0) 
olo,), ..., P(0,)}. Then Po <1, and the right 
Choose a p such that po <P <1. Then po < 

quently, by (5.25), (5.19) holds for all sufficiently large 1. 


is given by ( 


he preceding argument 
mining the dependence 


e the asymptotic effective variance of 

The reason is essentially that the ER of i» 
Necessarily a discrete distribution, and statistics with is uy ক কাপ 
els lage fects standard MEE i ত ৰ” roof of the following 
Account the fact that © is @ continuum. This 3B done in the ls ol OE 
lemma by using Condition 5-3 and exhibiting the ) 


m.l. es 
likelihood equation. 


refinement of t 


first sight that a 
d that by deter 


ble p in (5.19) an 
ssible to determin! 


It might appear at 
would lead to the best possi 
of this p on h it would be pO 


T',, but this is not the case. 


247 


URN, ১) TS 3 & £ 
A OF STATISTICS [ Parts 
VoL. 22] SANKHYA : THE INDIAN JOURNAL 


MMA 3: I t t that every 
Lem 5 Given 5,0 <6 (00), here evists a P < 1 such tha Jor u 
Eo 1 3 


&@ > 0, লা 
n 5s (5.2 
Rlf,—0l <P> [I(0)—6] ) + por ce ( 
for all sufficiently large nm, where 
LL 
u(x; | 00) ll 
= (5.27) 
1] FE 


Proof : Write 


n 


চী Vail 0) 3 wai] 0) 


i=l r =I a= (8.28) 
Mh = 1(0,) + 4= n Ht 


tb 
Where v and w are given by (5.13) and (5.15). Choose and fix an h > 0 such tha 
© contains the interval {0 : 


19-0,] <}, (5.16) holds for every 0 in this last interval, 
and 6/h > E(w|0,). Since v and. w possess m.g.fs when 0, Obtains (Condition 5.3), 
and B(v) =—1(0,) by (5.14), it follows from (5.28) by means of Lomma, 2.1 that 


6 Li) i Lo) 
i) Spt, Be — 31S A, Pt, > GT) <oy (5.20) 
for every n, where each Pi is less than Te 


Suppose that for given mn and 2,) we have 
If,0, <A, Lh) = Lule) . +. (5.30) 


Write A(0) = DIL,(6)]. Since ft ig in 9, and 0 is 
Taylows theorem that there exists a gx with |0* 


(0) pg) 4(00)4-3 
to (5.13), the definitio 


Open, it follows from (5.30) by 


0, <| fo < h such that 
1,0): A(0x) = A(P)=o. Tt follows hence by roforring 
7 of Ay, and (5.27), (5.28), that 


where (fo), +n] = bn (5.31) 


nl <n + Fh. 


(5.32) 
, be a Measurable fi 


or that (5.30) be a 


It is not required here that 7 


nection of Ln), 
Measurable event in £' 


n)e 
Let 4, denote the event 
C,, the event AEST & ৯5: 5 1S shown in the 
“ = i roof of 
events A, and B, implies (5.22), ; Bt) 
large n, Where Bi 1 i 
are considered in (5.29). 


event B, such that 4,+3B,+0, 
sufficiently large mn. 


h, B, the event ZL(T) 2 L,(0), and 


ma 5.2, each of the 


PS for all sufficiently 
f the three events whose probabilities 


ere exists ap <1 and a measurable 
1» amd such that P(H,) < pr for all 
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For any given 6, the left side of (5.26) does not exceed P(x) not in 
Tt follows hence from (5.31), (5.32), and the preceding 


B,,|f,—0,] > 6)4+P(B,). 
paragraph that (5.26) holds for all sufficiently large , and this completes the proof. 


We can now establish 


Theorem 5.3: If {0,} is an ‘m. 
90) #0. 


Proof : Choose and fix a 6,0<6 EL 
(5.27) by Lemma 2.4 and Con 


1. estimate of 9, then (1.6) holds whenever 


(0,), and write a= I(0)—6. It 
dition 5.3 that, given Pp <], 
provided only that € > 0is 
= {am : [fil 2 


follows from 
n-1 log P(Ut,|> ea) tends to 2 limit > log p as n> 0, 
sufficiently small. Tt follows hence from (5.26) that, with An, 


we have 
im {n-tlog P(An)} < Hm {n-log PU] > ea} (5.83) 
nD n—2%0 k 
for all sufficiently small 6. Multiply (5.33) with 1/e, and let € 2 0. Tt then follows 
from (5.14) and (5.27) by Lemma 2.4 that 
i . a’ 
ln lm {mn e)™ log PAn} < —t IG (5.84) 


e220 n—2%0 


arbitrary, it follows from (5.34) that 


Since a = I1(0,)—6, and 6 is 


In im {mne)™ log P(dn,e)} < —31(00). (5.35) 
20 nD2%0 
(0) = 0. 


valent to (1.6) at 0, in the special case 9 
ase, SUppose {0} is an ml. estimat g. Thon Uy, = UL), 
9. Suppose that g(00) # 


>0, 190)—90 
6}. Then Br implies Ans 


from (5.35) that 


In view of (1.4), (5.35) is equi ন 
To treat th sal i) 
Where {f ণঠ Ee i 0. Choose and fixaA>l. 

1ere {T,} is an m.l. estir )| Setnplies 10-9, টি 


It is easy to see that, for a 


Where 6 = e/A|g'(00)|. Let Bn, 
Since Oe = 


mate of 
Il sufficiently small e 
= fiw Os 2 
Ag, it follows 


50 that P(B,,.) < Pldn,s) 
1(00) (5.36) 
IE HB Une) 0% PB} < —t gO 
E20 120 
Since A> 1 is arbitrary, (5.36) implies 
I(00) B80 


Je log P(Bu,e)} < 370 
(1.6) holds at 0, and this 


Hm im {ne 
30 n7%0 

iti 4) that 

Tt follows from (5.37), the definition of Bu,» nd (1 4) tha 

completes the proof of Theorem 5.8. 
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6. FURTHER REMARKS ON ESTIMATION 


The following remarks Concern the definitions 
1 and 5. 


and conclusions of Sections 

ft 'esent 

and from the proofs of Section 5, that the ছাপ 

ect on the logarithm of the probability oy pb ৰ abies 
eing estimated. However, when this last probs 


ticular 
aken into account. In particular, 


Roe Te Rd Wi Hl 
é Un that is 
T and U are effici i fg According to Definition L2, but such that 


in He { PUT, 00) > elo) 00.) 
eb U0) Sg} <! 


jstributed 
* Xample, x is real valued and normally distributer 
With mean 0 and va = 6, %; = (0+... Pa,)/n = টু, and 0, বলী el 
‘: iS a sequence of Positive integers Such that m, < 7 for overy m, 
lim {m,/n} = 1, and lim n—m,} = %. 
n—>%০ n—>%০ 
- Beer imit 
It is Possible to formulate Asymptotic relative efficiencies in terms of limits 
Such as the Jeft side of (6. 1), but tf 


s in 
te analysis thon Tequired seems Very difficult, even i 
the simplest Cases. 


2. Th, 


C) following example shows that 
depends on 0. 


, in Seneral, the ¢. for which (5.4) holds 


Suppose that « is real valued, ¥ wi) < <1}, o= 0:0<0< 1, 
« = Lebesgue Measure on y (ef. Condition 3.2), and 
1 
ff 2G if 0 ৬ [/) 
| 
fe|0) = +. (6.2) 
1 


Let 9(0) = 0. Tt; 


8 Teadily See: 
80 that Theorem 


© that Conditions 8.1, 3.2, 3.8 and 5.] are satisfied, 
5.1 applies, 


of Ki Since here J is the i. i 
forward but lengthy calculation, Which ; 


১ 


ON THE ASYMPTOTIC EFFICIENCY OF TESTS AND ESTIMATES 


and that 
0 if 0= {3 


f Ey 
K(0) = 1 d 

1 (2681) EE ... (6.4) 
ISA| RY 1 IE 

al ko ০g ঠ )J¥0zt, 
where 6 = max {0, 1-0). 
oe It is plain from (6.2) that 0 is the medi: 
if হি * = the median of the sample values {xy 22, 
estimate of 0. By expressing the distribution of 


distribution, and applying Lemma 2.2 to t 


an of the distribution of x. Consequently, 
st), TELE consistent 
T* in terms of the binomial 
an be shown that 


(6.5) 


he latter distribution, it ¢ 


im, im, {tne og PUT;—01 > lO) = — ঠা 
for every 0. It follows from (6.3) and (6.5) that 
tot follow from (6.4) and (6.5) alone that T* is ine 
is because Theorem 5.1 only provides a bound which may or may 1 


in a given case. 


d be interesting to know whether, 
g to Definition 1.2, 


1. 


T* is efficient when 0 = ¥. It does 


fficiont for other values of 0. This 
ot be attainable 


It woul in the present case, there exists 
an estimate which is efficient accordin. and if so, whether efficiency 
can be established by means of Theorem 5. 

3. Let T = ({T,} be aca. estimate Of 9, 
the asymptotic variance of TT is u(0)/n, where 0 <0 < 


following the work of R. A. Fisher, that we must then bh 
0. This belief was shown to be erroneous by J. L. Hodges, who constructed examples 
n the sense that 10) < [9'(0)]2/1(0) for all 0, 


of estimates which were superefficient i 
and 
(0) < AOA 2. (8:6) 
given by LeCam (1953), 


ailed study of superefficiency is 
set of values 0 for which (6.6) holds must be a set 


and suppose that, when 0 obtains, 
oo. It was generally believed, 
ave 10) > [9'(0)]2/1(0) for all 


is v 


for some values of 0. A det 
Who showed that in general the 
of Lebesgue measure Zero. 

It follows from Theorem 5. 
On a, certain lack of uniformity in ti 


@& positive constant. Then 

OE EE HD ee a OY 

n—2%0 
by the asymptotic normality of T. Tt follows from (6.7) and De 
A = Y(0 
{ a7, 2, 0)] = 0) 

im IE Ti n yn | 

for every A and 0. Suppose, for a given 0, that (6.8) 
follows from (1.5) that (6.6) cannot hold for that 0. 
of the k dimensi 


4. t+ 0 is an open set ft 
Suppose tha and that the conditions st. 


points 0 = (90, 0%, ..., 9), 


2 that the phenomenon of superefficieney depends 
he approach to normality. To see this, let A be 


finition 1.1 that 


(6.8) 
holds uniformly in A. It then 


onal Euclidean space of 
ated in the paragraph 
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containing ক) [5] iv Y valued function 

Li that the glven real va Dj 

2s 4.4) (4.5) are satisfied. Suppos ন EE fds, 
(0) a continuous partial de ivatives 9g/000 = hi(0) (say) or += ৰ 
9 J f 2 


iti 5. itions '3.1—3.3 
The conditions just stated generalise Condition 5.2. If Conditions 
are also satisfied, 


ঢ় be) (6.9) 
lim lim (nr, 0)} > ba I°(0) hi(0) h,(0) 0 
£30 nw 


jel দস 
9. The proof of (6.9) is exactly the same as tht 


le ee 
oof of Theorem 5.2 so chosen that the vector 0,—00 
is proportional to the vector (7, 72, 


for any consistent estimate of 
Theorem 5.2, with 0, in the pr 


£ ‘7, subject to 
--.s 74) Which minimises ol T;(00) rir; subjec 
tuJ= 
k 
the condition > hi(0,)r, = 1 (say). 
i=1 


It is a little more difficult, but quite Possible, to generalise 


Theorem 5.3, i.e., 
bo show (under certain conditions) that if {0 


1} is an m.l. estimate of 9 then 


কর LU হর 10 
lim lim (nr, 6,0) < D To) h(0) h(0) +4 (6.10) 
£20 nw ’ 


RErEREN0ES 
BaAnapuR, R. R. (1960a) : Simultaneous comp! 
Hotelling Festschrift, Stanford University Press, (Stanford). 
= CEOBOb}es Stochastic comparison of tests. Ann. Math. Stat., 
BAnADvR, R. R. and RANGA Rao, R. (1960): On deviations of the sam 
PP. 
BaRANKIN, BE. W. 


a i i Ly 10M. 
Arison of the optimum and Sign tests of a normal nm 


81 pp.—. af 
ple mean. Ann, Math. Stat., 31, 
end GurrAxp, J. (1951) ; 


On @symptotically nor! 
ons in Statistics. Vol. 1, N 30. 


f 
. Symptotic efficiency for tests of a hypothesis based on the sum 0 
Observations. Ann. Math. Stat., 23, 507. 
CRAMER, H. (1946) : Mathematical Methods of Statistics, Princeton University Press 
FELLER, W. (1957); 4n Introduction to Probability mr; i ical. 7 2nd ed., John 
Wiley and Sons (Ne York). Y Theory ang its Applications, Vo, i 200 


mathematical foundations of f 
ondon, Series A, 292, 30950 NOT Ggnngt, 


ical Statistics, Phil. Trans. Roy. Soc. 
(1025); Theory of Statistical estimation, Proc, Cambridge Phi, So0c., 22, 700-725. 
KALtiaxPUR, G, B. and Rao, CO. R. (1955); On Piss 5৮ 
estimate.  Sankhyt, 15, 591, ) 2 Fisher's lower bo 


KUL BACK, 8S. and LE 
LECaAy, L. (1953) : 
estimates, 


(1956): On the as: 


‘ t 
und to asymptotic Variance of a consisten 
IBLER, R. A, (1951): 


Sufficiency. Ann. Math. Stat., 22, 79-86. 


lihood estimates and related Bayes 
ymptotic th: a py ly No. 1, 277-330. loy 
) iC theory of esti os. i i Lay 
Symposium on Mathematical Statistics “sn pion and testing hypotheses. Proc. ‘Third Ber 
Contribution to the ft] 


niversity of California Press. 


test, y 
Statistics and St. Berkele 


SAVAGE, L. J. (1954): 


» John Wi S 
Warn, A. (1949): Note on the consiste: Wiley ang Sons, 
595-601. 


, (New York). 
‘mum likelihood e, 


Stimato. Ann. Math. Stat., 20,, 
Paper received : February, 1960, 


252 


ON BOUNDED INFINITELY DIVISIBLE RANDOM VARIABLES 


By GLEN BAXTER 


University of Minnesota, USA 
and 
J. M. SHAPIRO 


The Ohio State University, USA 


e of upper or lower bounds for 


jent conditions for the existence 
nditions for the mono- 
~ 


und. The results are applied to give c0! 
processes. 


ন SUMMARY. Necessary and suffic 
infinitely divisible random variable are fo 


tonioi ড 
onicity of tho sample functions of certain stochastic 


1. INTRODUCTION 


ible random variable and let p(t) be its characteristic 


Let X be an infinitely divis 
y and Khintchine 


function. By the formula of Lev, 


[4] 
ib ] 14+u 
l= 8% [4] (enh he dau} x OD 
0 — 0D 


Where Y is a real constant and Gu decreasing function. In this 
paper we find conditions on G(u) which are necessary and sufficient for the existence of 
an upper or lower bound for X. As &n important special case we show that if 
G(4-০)—৫(—0) > 0, then PIX > 4}>0 for all real numbers A, 1.6. X 80 bounded 
from above. The well known result that ifXisa bounded infinitely divisible random 
variable, then X is constant with probability one, will follow from our theorems. 
The results are applied to give information ® y Of the sample 
functions of certain stochastic processes. 


)is @ bounded non 


bout the monotonicit 


‘ATION AND THE MAIN RESULTS 


2. PRELIMINARY NOT. 
in the following 


form (see Gnedenko and 


Fommuls (1.1) cen be written 


Kolmogorov, 1954). 
4 


T uw T am DAN(+ 
10g + 0 = pot Le —DdMw)+ | (ei —DAN(w) 


+ 


0 
itu] —itt dM(w)+ ( 
+] (et 1—itu) (n {| 


ত 


ait 1—it)dN(), nD) 
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- fe 14-22 0 ] 
where UM) = || ডৰ dG(z) for u < 


E for u> 0 
"2 


Nu = —[ 2 00) 


—~ 
Lo) 
to 

— 


c° = G(+-0)—G(—0) 


N)=7+ | udew— [ wu aw) | 
lul <r lul>r 


remainder 
and where Lr are continuity points, respectively, of N(u) and M (u). In the remaincd 
of the paper X will always denote an infinitely divisible random v 
@(u), Mu), NC 


ariable with associated 
4), c* and (7) given by (1.1), (2.1) and (2.2). 
result. 


We now state our main 


Theorem 1: In on 


der that X be bounded from above, i.e, there exists « constant 
A such that P{X > 4} 


= 0, it is necessary and Sufficient that 
(0) Na) = 0 for all > 0 
(PE = 
RE 
(0%) Lim || Uujdu < oo. 
E20 


The corresponding theorem for bounds from below is : 


Theorem 2: 


In order that X be bounded from below, it is Necessary and 
Sufficient that 


(0) Uw) = 0 foray uo 
he : ox=0 
1 
ii) lim || Naujdu > _oo. 
E20: 
The proofs of Theorems 1 and 2 Ww 


[2 
ill be given in the next 
We now state three coroll, 


Section. 


aries of particular interest, 
Corollary 1: tf (4-0) > G(— 0), then for any real mmber A, P{X > 4} > 0. 
Corollary 2: IPS 4}>০0 Jor every real number 
Jor every ce > 0. 


4, then G(4-00) > G(—6e) 
Corollaries 1 and 2 have obvio 
unbounded from below. The third 
(For a proof by a different method 


Corollary 3: If X is a bo 
ts constant with probabil 


The proofs 


ty one. 


ON BOUNDED INFINITELY DIVISIBLE RANDOM VARIABLES 


3. PROOFS OF THEOREMS 1 AND 2 

i The proof of Theorem 1 is contained in four lemmas. The first three of these 
show the necessity of the conditions (5)—(tii) while the fourth shows the sufficiency. 
Tho proof is based on a well known theorem (Theorem 3 below) from the theory of 
limits of sums of independent random variables. (Gnedenko and Kolmogorov, 1954, 


Pp. 124). We state this theorem after introducing the following notation : 


Let (Xm) B= Lb 2. ky = Le... be a double sequence of infinitesimal 

(i.e. lim max PIX ar] >8} = 0 for every € > 0) random variables with distribution 
n—2%0 1<kK<hn 

that for each mt, NE Xntn are independent. Let 


functions F(t) such 
8S, = Xu... LXnkn and let F(t) be the distribution function of S,- Let F(x) 
be the distribution function of an infinitely divisible random variable X with 


associated G(u), M(u), Nu), o? and (7). 


In order that lim Fi(®)= Fle) at every continuity point of 
nD 


Theorem 3: 
F(a), it is necessary and sufficient that 


(1) at continuity points of Mla) and N(2) 


kn 
lim po] Fl) M(2), <0 
nD k=1 হ্‌ 


An K 
lim 2 (Fa(®)—D =-N(2), t>0 


n—20%0 k=1 


on $ দা 
mn ng El belle ন 


(3) lim B] | dF le) = YU): 
nD0 kel |s)<r 


0 state and prove the lemmas. 


We now proceed t ~ 
>0f N (x) for which 


Lemma 1: If there etists a kee! Bo to 
NG.) < 0, then PIX > A4}>0 for all real numbers 
| an find @ double sequence of random 


, divisible we © 
যা - that for each 1, Xn Xn re 
iA nn TLS the 


(see Gnedenko 


Proof : Since X is infinit 
Variables (Xun) k= Lb 2, LOB be such that SE ডে KX 
independent, identically itesimal 


same distribution as X-. 
58). Thus 


and Kolmogorov, 1954, P- 
(3.1) 
= —Na) > 
lim nt —F nol) N(wo) 
nn / 


hve 3&+ 
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ig} = 1—F (00) > 0, 
For n sufficiently large (3.1) implies that Plo > 0} > < 2 | alse ib 
= 0}]n > 0. hus, 
that P{X > 0} = Pfs, > 0} > [PIX > " ্ 
Hen irels i random variable with the given N(2). For any real an peas 
the random variable X—4 is infinitely divisible with the same N! (x) associated w 


it as with X. Thus PX—A > 0} = PIX > 4} > 0, and the proof of Lemma 1 is 
completed. 


Lemma 2: If c2> 0, then for every real number 4, PX > 4} >= 0, 


Proof: By (1.1) we may write 


f ite 14-22 A 
#(t) = e—/2 exp { iyt kd ( oni EB ) U0) } 
To) < 
where G(x) = j - 
G@(%)—c? t>0 


and where co? > 0. Thus the 
independent random Variables 
Variance co? > 0 


random variable X may be considered as a sum of two 
ZX; and X, where 4X; is Gaussian with mean zero and 
: Now surely there exists a B > 0 such that PIX, > —3B} > 0. 

» for any A we have PX, > 44-3} > 0. Thus, P{X > 4} 


= PX +X, > A} > POE > ALB, X > —B} = PX, > 4+}. PX, > —B}>°0. 
This completes the proof of Lemma 2 


Lemma 8: If 


=~ 


lim || Uu)du = wo as (8:2) 
£20 = 


then for every real mumber A, PX>4}<o. | 


Proof : (By Contradiction) Suppose that there exists an 4 
PIX>A}=0. Asin the proof of Lemma 1 by a consideration of the ran 
X—A, we may assume without loss 


of generality that 4 
double sequence of random variables Zz 
PX>0}=0= PSL 5 0} 


Theorem 3, at continuity 


o Such that 
dom variable 


0 = 0. Consider the same 


nk) 28 in the Proof of Lemma 1. Now since 
> [PIX > oy] 


» it follows that PIX, >0}=0. By 
Points of HU) 


দা Pu) = Wy <0 


যে i {! t dF,(2) = (7) (3.3) 
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and si 
since Ful(®)= 1 for ®> 0 we have from an integration parts 


0 
|| Fn()de. A) 


TT 


0 
1: ) x dF (®t) = n 2 dF(2) = nTFn(—T)—n 


_ris a continuity point of M(u) we deduce that 


Using (3.3), (3.4), and the fact that 
there exists @ finite limit 


[) 
in n LL Ft)dz. ce (3.5) 


Now nF,l®) < nF (6) for all < —6 50 that by bounded convergence 
= —t 0 

lim n Fated = || Made < lim n | Fla)de. (3.6) 

Taking the limit as £0 on both sides of (3.6) woe find th. % 


—t£ 0 
lim { Made < lim mn | Fulc)de < 0. 


20 nn? 
টা a 


> 4}>0 for every 


emma. Hence, PX 


This contradicts the hypothesis of the 1 
real number A, and the lemma is proved. 
Taken together Lemmas 1-3 show that if any one © 


Theorem 1 is not satisfied, then PIX > 4} 


bounded from above. 


f the conditions of 


> 0 for every real number A, 1.6. X is not 


part of Theorem bn 


0 the sufficiency 
yp, 1 are satisfied, 


(G)-(iit) of Theore 


We now turn t 
then PIX > Ao} = 0 


Lemma4: If conditions 
where the real number Ao 18 given by 
¢ ul 
AE i Ta 
Proof : Let X be am infinitel divisible random variable with associated 
Na) =] 0 for u>0, 7? = 0; M(—0)<0 and Y given by (2.1). Let 
pul a 
a daM(u). 
ve LAE 


5 I yell a5 th: 
*The auth ish to thank the referee for suggesting this simplified EE EE 
uthors wish t 


Su i TT m4 
ifficien cy of ‘heore! it র্‌ 
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It follows that (cf. Gnedenko and Kolmogorov (1954) p. 84) the characteristic 
function, ¢(t) of Y can be written in the form : 


Y 
#0) = exp { (et— DMG) ip). 


6D 


It follows that the distribution function of Y—(A+-)) is given by 


S Ug) 
= e—U(-0) 
F(x) = ¢ 5 সদা 
where Mt) is the 


k-th iterated convolution of Mo). 
for x > 0 we See that 


Since M(2) = M(—0) 
HY >2A++} =o. 


Now let ¥X be an infin 
function F(z) 
XN, YU 


(3.7) 


itely divisible random 

for which (i), (ii) and (iii) of Theorem 

» 08%, Y now correspond to X it follows th 
J 


variable with distribution 
1 are satisfied. Letting 
at Nu) = 0 for a > 0.02 = 0 and 


. w= (3,8) 
-1 


6), iS a continuity point of M (u) for 
eachn. Let XY 


random Variables, with distribution 
= 0 for 4 >0, 07 = 0, 


UW), uw < _s, 


Miu) = 
Ms), — n <U<O) 
and y through the formulas (L1) and (2.1). 
Let AS fi an 
He Ti (0). 
চ I ue 
ae (8.7)withX, = Y it follows that RY, = AY} = 0. From (3.8) it follows 
LET NE [ ul 
fr UE dM(u) < 00, 
and from Theorem 2, of Gnedenko an. 


d Rolo, 
Fe)STE). Thus Px ngs 1 


L954), 7. B37 5 a 
> A+} =o. 54), p. 88] it follows tha 


We remark that th 
for X, “ Bh0v6 rod furnishes the Value of an upper bound 
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For the proof of Theorem 2 we state without proof the following lemma : 


Let X be an infinitely divisible random variable with associated 
2.1) and (2.2). LetY= —X. Then the 
1, 2.1 and 2.2 for the infinitely divisible 
Mu) = — NA—u), 0% = ci and 


Lemma 5: 
Gu), Mu), o£ and Nu) given by (1.1), ( 
functions Gu), My(u), c%, and Ny) given by 1. 
random variable Y are : @/(u) = G.(40)— GAL), 
Nu) = —MA—u). 
5 and Theorem 1. 


Theorem 2 follows directly from Lemma 5 


ND SOME CONSEQUENCES 


OF THE COROLLARIES 4 
ces of Theorems 1 and 


4. PROOFS 


ent some particular consequen 


9 


In this section we pres 
aries of Section 2. 


2. First, we prove the three coroll 
that if G(+0) > G(—0), then cither 2 > 0, or Nu) # 0 

PX> 4}>0 for any real number A. This demons- 
assume that there exists an € > 0 such that 


bounded so that conditions (i) (iit) 
But the conclusion of Theorem 1, ie. PX > 4}=0 
for some real number A, contradicts the hypothesis of Corollary 2. Finally, if X 
is bounded, then M(u) = 0, 4 <0,02 = 0, Na) = 0lu> 0). In other words @(u) = 0 
for all u, and from (1.1) we have that 9(t) = ct, Thus, PX = }}= 2 and Corollary 


8 is proved. 


Tt follows from (2.2) 
for-some u > 0. In either case, 
trates Corollary 1. To prove Corollary 2, 
G(4-0)=G(—c). From (2.2) it follows that M(u) is 


of Theorem 1 are satisfied. 


sses Theorems 1 and 2 give 
functions. In particular, let 
independent increments 


{AT), 0 < T < 0) is 


Hl When applied to certain stochastic proce 
information about monotonicity of the sample j 
{a(7), 0 < T < oo} be a separable Pro with SATS 
for which “d) = 0. The Levy-Khintchine representation of 

: itu) HE gq). ee (8.9 
(e1-ন) a ( )} (8.9) 


ow 
Bien} = exp {rittt || 
“oo 


theorem : 


hat there evists @ real number 


cient condition t 
and sult T) = AD)+AT are non-decreasing ts 


For processes of this type we have the following 


A necessary 


Theorem 4: f 
the functions Yl 


A such that with probability ox 
that the G(u) in (3.9) satisfies 


a FUT =. 


}] mS 3 & 4 
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j Y 1 r A such 
Moreover, a Necessary and sufficient condition that there exists « real eve fs 
: f Pe 
that with probability one the functions 2(T) = A(T)—AT are non-increasing 
G(u) in (3.9) satisfy 


() G40) = &(—0) 


-E€ u 


(@) im | | I gg < oo 
20 ET ' 


Proof : We Prove only the second half of Theorem 4. 


Necessity : Clearly 2(0) = %(0) = 0 with probability one. If the functions 
AT) = A(T)_AT are non-increasing, then Pl) <0} =1= Pla(l) < A}. By 
Theorem 1 and relations (2.2), (1) and (i5’) are easily seen to be satisfied. 

Sufficiency: We note from (3.9) that the no) 
Un), Niu), and the constant 
Variable x(T) through (1.1) and ( 
and yy, = Ty, We note from ( 


1-decreasing functions @(u), 
Yr associated with the infinitely divisible random 
2.1) are G(u)= TE), My(u) = THU), Niu) = TN) 
2.2) that the conditions of Lemma 4 are satisfied and thus 
0 
ONG PT) TOY = 0 whore A= f i dU(u)<o, Let A=(A-9) 
j uw 
lo) 
= 0, the stationarity of the process implies 
Since the process AT) is assumed to be 
with Probability one. 


50 that AT) = UT) —ALY)T,. Since (0) 
that Pit) > 2(s)} = 0 Whenever t > s. 
separable, it follows that 2(T) is monotonic 
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A LIMIT THEOREM FOR DENSITIES 
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and 
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cient C 


er necessary and suffi 
f a sequence of in 


normed sunt 0! 
the standa 
to stable law are also given. 


ee SO bee be: PSP 
নক re convergence oF the density of the { 
ন ed random variables, to tho density of 
(i) multidimonsions and (ii) the ease of convergence 
convergenco of conditional distributions is also pointed out. 


) INTRODUCTION 
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) the density of 
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is well-known that F, 
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their book (1954, Pp. 223) 
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vergence fails to take place onl : 

naturally led to ask whether 1 
:. to answer this 


ample wl 
f (2). However, 


US AE 


i Origin. We are therefore 
i almost everywhere. The object of this note 1s to 8 
Shows that almost every Where convergence can indeed be alw 
jon, it may be pointed out that complete solut 
f n vergence. 


In this connect 
a already available for certain 
Gnedenko (1954) has shown that neces 


ess SUp 
ODOR <+%0 
:) satisfies the Lipschit 
ere {i ; ন 1) for SOME Mo’ Fol) Sas 
(i) P(e) => 00), and Caos (see also Smith, (1953)) has 5 


order 1. Again, Prohorov 
and sufficient conditions that 


onditions are obtained for the almost 
dependent and identically 
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An application to the 
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are (i) F,(2) => (2), and (ii) PF, is non-singular for some nm. 
| once follows that p,() converges to @( 
@.e. convergence takes place. 


Now, from (1.3) it at 
%) in measure and this makes it plausible that 


2. THEOREMS 


Theorem 1: With the above Notation the necessary und sufficient conditions that 

oA | 

Due) > Ge) দেল) 

almost everywhere are (i) F(x) = (2), and (ii) F 

Proof: Necessity. The necessity of (i) follo 

if we notice that in view of (2.1), the contributio! 

tends to zero as n> oo. The necessity of (ii) is 

Sufficiency: Let 7p be the least inte. 

An ny exists in view of condition ( 

Where F (+00) = Y( 

Can therefore choose 

F,, then J plo), 
E 


n is non-singular for some mn. 


Ws from Scheffés theorem (1947), 
n of the singular component of P, 
Obvious. 

ger n for which FP, is non-singular. Such 
ii) of the theorem. 
> 0) is the absolutel 
k so large that if 
de = 2 where 0 < 0 <. 


i 1 
We can then write F* = pr uTEs 
. 1 
Y continuous component of F*", We 


= {t : plo) < }, pz) being the density of 
We can then define 


G0) = » J pe) ds 


where XL is the characteristic function of the set BH, and write 


FY G+ BG, 
= 1—%x and G,, G, are distribu 
absolutely continuous with bounded 
ult) and g(t) be the G's (characteristic functions 
G(x) and Ga) Tespectively, Then Since G, has 
i 6 L(—oo, %0). (See for instance Bochner 
Further, since both G, and G, are non-s 


(2.2) 
where B 


By our choice (@, is 
npletely singular. Let 
) of the two distribution functions 
bounded density it follows that 
and Chandrasekharan, (1949), p. 20). 


tion functions. 
density and @; is not cor 


ingular, for any 5 4 = (6) 
Ee 4 ad Y 0 > 0 we can find a P= 0( 
gilt 
LEN sg lat | <p, |g) | <o 8) 
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It is j Fk 
is then clear that H,(e) is absolutely continuous and let g(t) denote the density 
of H(e/n). The total mass of Ki, is at most a B14 < CB? where 058 
constant independent of hk. This implies that 

J Ine)—qile) lds < 0 BE, 
Now since 0 < B# <1, it follows that > GE <; By the Borel Cantelli lemma 

[ 


(2.5) 


we can then assert that 
[pule)—qnl®) | 20, as n—? 0D to (2.6) 
for almost all (Lebesgue) %. 
We now proceed to show that que) 
the c.f. of H(ezy/n). Then since 1 € Ls @ 
it follows that I(t)eLi. We then have by 


tends to f(t) uniformly in x. Let h(t) denote 
nd as is easily verified |ha(t)| <| gaily? 


the inversion theorem 


—ব্ = - = 
So 


qle)= 2 | Oe dt 
Le a5 
Hence lat)—H0)| < 25 | nalt)-e Pat 
' — 0 
9/9 102, at 
< ne Platts | * log 
যা <4 4 
Ce POE AEA 
“TT | >5Nn 


2 csv 
= L+H say. 
he c.f. Of F,) চ 


Since (f(t) denoting th b 
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yy ঞ 
and f(t) > CRY it follows that MOE ZL , 

1212 EE # 
that is L = l [alte rf? jat 0) ts 
| ME 

can be made small. 


has finite second moment. 


ing A sufficiently large 1s 
d 5 > 0 such that 


deduce that F(t) 
,p. 181). Hence 


for any fixed A. By choos 

From F(t) = (0) 
(See Kolmogorov and Gnedenko 
2 It] < 6 we have 
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be we can fin 
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—___— —— —— sD, 
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here oc? is the variance. From this and (2.7) it follows that 
Ww! 


I< J hla 
S| <svi 


Er = 20/5 (Bla ptt) 


1 5x ৰ 
—t2g2 { 
ৰ 7 | e dt--o(l) 


» 


Co) ত 2.9) 
A 


1.e., I can also be made small by choosing A sufficiently large. 


Finally from (2.8) it follows that 


hud] < pe g(t Vi) 


so that I, < pt-2 || 
It >svyn 
t.é., T= ol) as nso. 


[atl V/n)|2 at = p21 || Ia) dt. ... (2.10) 
ll >s 


Thus combining (2.8), (2.9) and (2.10), we can conclude that 


late) —g0)| > 0 id Dain 
This completes the proof. 


By a standard modlific 
generalized to stable distributio. 


uniformly in o. 


ation of the above an 
1 functions. 
Theorem 2: Let ; (ৰ 


gument, Theorem 1 can be 


*& 


n +.., be a sequence of independent and identically 
distributed random variables, and let 


MN, = bit E24... +54 n 


n 
Then the necessary and suffi 


such that Dil) > Y(2) 
continuous component of 


cient conditions 
almost everywhere, 
thn and Yy(z2) 


that there exist constants A, and B, (> 0), 


where p,(z) is the density of the absolutely 


is the density of the stable law WY (2), are 
(i) FPF belongs to the domain of attraction of th 


€ stable law WY, and 
ome nm. 


(i) Fis non-singular for s 


The proof of the above 


theorem is entively analogous to that of Theorem 1 
and s0 is omitted. 2 
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3. CoNCLUDING REMARKS 


the second condition of the theorem viz., Fn or what is the same 
we may observe that there exist singular 


See Salem (1942)). However 


ass of distributions intrinsically in terms of F is not 


With regard to 
thing F*" is non-si 4 
g E n-sing ular for some nm, 


distributions F for which F*™* is absolutely continuous. ( 


a characterization of this cl 

lknown. 
.. hen while to note that Theorem 1 is valid for distributions in finite- 
sional Euclidean spaces. That is, let Xx, bE sequence of independent 
dimensional Euclidean Space Bi with mean z2er0 and variance 
লি 0) denote the density function of the distribution F, of 
sum n= (XX IVN and let $(%) denote the density of a 
Normal distribution (x) with mean vector zero, and variance covariance matrix 2. 
ns that p(t) —? () almost everywhere are 


and sufficient conditior 
singular for some n. The proof is the same 


random vectors in k- 
covariance matrix 2. Let pul 


‘Then tho necessary 
(i) F(x) => P02), and (ii) F(z) is non 
as in the one-dimensional case. 

in, Besa Ve adopt the 


dent linear functions 0 
d assume further, for the sake of simpli- 


absolutely continuous with respect to 
hat the distribution of the two-dimensional 


utely continuous. By central limit 
dimensional normal 
m Theorem 1 


Let A(t), Ase) be two indepen 
as in the above paragraph an 


same notation 
) distribution F(t) is 


city that the commoi 
Lebesgue measure. Then it is clear t 
random vector &n = [Altn) Aste 

theorem the distribution of & akly to & two 
distribution, say (As, Ay): Thenwe can ]lowing theorem fro 
and its multi-dimensional analogue. 
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distribution of Ailtn) 
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ditional density of the 10 
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(Aly)l? 0 fo 
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ponding conditional distributions. 
The above theorem is am immediate consequence of Taensiosof ৰ 
dimensional analogue and the fact that if pues VD চু en conneotion we OS 
.AyE,) respectively, then piel) = Dolo yao). 
refer to a paper of Steck (1957) 
T hy ergence of Theorem 1 can be replaced by ae orm weed 
he almost sure conv po This, 28 stated in the introduction has 


gence, if we impose further 
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i ing the © absolutely 
been done by Gnedenko (1954), the assumption required being that PF, bs 280 
E ing 
continuous and p,(z) be bounded for some 7. He also obtains the estimate 


ess sup lne)—6te)| = 0 (2) 
-0<e<w Vn 

if the third moment is finite. 
the Lebesgue measure of the set fe: |p(2)—¢6(0)| > C. 


sibl 
Theorem 4: Let IX |? < 0. Then there exist constants C;, Cs and A (possibly 
depending on the distribution) such that 


ন & tintates for 
In the general case we can still derive estinfates 


C y = G1) 
; : | D(t)— RE = EC OL ” 
£2: Inte)—90)l > | < 
where <A<LL being Lebesgu. neasure. 
Proof : With the same “lotation as in the proof of Theor 


Dal) = q(t)--r,() 


em 1 we have 


) 32 
Where J rile) de < ka BFL BG, +4 (8:2) 


Further by standard techniques it is easily shown that 


se lots = 


Where Cis a constant independent of n. 


In view of this it is clear that 


B=[e: Inu(2)—¢(0)| > TER =f old = Te }- (8.4) 


Vn 
Thus from (3.2) and (8.4), we deduce 


HB) < UG) < V5 (pg git gh, 


Y the relation » = nk 
Onsequence of (3.5). 


Since % is determined b 


+rO0 <r nN) it is easy to see that 
(8.1) is an immediate v 


This proves the theorem. 
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TESTS: FOR INDEPENDENCE AND SYMMETRY IN 
MULTIVARIATE NORMAL POPULATIONS 


By J. ROY 
Indian Statistical Institute, Calcutta 


i SUMMARY. It is shown that the distribution function of each of the statistics proposed by 
us authors [Mauchly (1940), Votaw (1948), Wilks (1932, 1935, 1946)] for testing independence and 
ormal population can bo expanded in an asymptotic series involving 
For large samples, the first term of t good 


approximation by itself, tho second term being O(n-2), where 1 is the size of the 8: 
large samples, the first two terms may be used and the coefficients required for this pur 


tal df hl লিক < 
bulated for cach ono of tho various statistics considered. 


Le) in multivariate N 
1i-square probability integrals. 


he expansion provides @ 
ample. For moderately 
‘pose are 


1. NorTATION 


((aj)), we shall denote by 4 =((Gj)) the pXP 


Given a pXp matrix A= 
Matrix whose elements are 


Vr) 
2 
where a= pt al , 02 = pp) ? ত aj (Ll) 
(0) we shall denote by B= ((bi)) the pXg matrix 
ijl 


Again given a pXq matrix B= 
Whose elements are 

: E-. ‘ 
b = (2 2 00 (1.2) 
bij = Vb, where b = (29) 2 ে। ff 


Given a pXp matrix A anda partition (pr Po Dm) of p, We shall write A 
in the partitioned form 
Ay Aye Aim 
4 =| 4n Ass Aon as AEB) 
Ami Ams Ann 


matrix. 
0 Ba=p ee (U4) 


|, f 
Where Asp is a DaX DPB 
(= 


P= pipe Ee 


Vor. 221 SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ PARTS 3 & 4 
OE. : TH 
j, ] ত { Ras 
we have Aas = ((a; j.)) where the ranges of i, and JA Ee Piatt 
A VOTRE 


Pp_i < is < Pp for «,B=1,2,...,m. Given a pXp matrix A and a partition 
22 হ্‌ 5 L2,..., g 
i ঠী +--» Pm) Of p we shall denote by A* the matrix 


di; ds ee Ee 


ml dns ed 


mn 


If p= p= + = Dn We shall denote by A** the matrix 


11 4s ati din 
Ass 


4 
এশ = dss 


Mins Age sn 


Tin 


All tests of significance disc 
population with means Li 
the basis of a random sa; 
V=1,2,...,n. 


ussed in later sections relate to a p-variate Normal 
and dispersion (or, Variance-covariance) matrix ((cij)), on 
mple %;, drawn from such & population i, =1,2,..., Pp; 
The joint probability density function of the x;,'s is: 


(nj) fo in py 5 ই ০ ঠ (0i,— ni), —p)] a KT 
i=1 j=: v=1 


where ((c4)) = ((0y)) i. We Shall write 


2 —: খ oo iy ডু mt 
=n 2k Liv, Sj লে (03), 5) and S = ((;)). 


cs (1.8) 


If the p-variates fall into 


in the «-th group, 
%=12,...,m p= Dit pT... pn, without Joss of generality, we shall assume that 
bi 2D >-:.>2 pn >2l and arrange 


the variates Such that the 
to the first group, the next Dr-Variates belong to the Second grou 
the last p,,-variates belong to the m-th Sroup. We shall the 


m groups, with Da Variates 


first p,-variates belong 
DP and so on and finally 
1M write 


A 00) 
a~1 


Ne 
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Further, if the i rari 0 
, if the i-th variate belongs to the «-th group and the j-th variate belongs to the 


B-th group, we shall write 


ty = Sy —a)ly—n) (1.10) 
and T = ((t;)) for the pXDp matrix whose elements are lij. 
The incomplete Beta-function ratio will be denoted by the symbol 
K 
LEDS TEED | TAU 
(2,0) = HE) TO [ 0-0 1 du. (1.1) 
FUNCTIONS 


2. Ay ASYMPTOTIC EXPANSION OF A CLASS OF DISTRIBUTION 
Let L be a random variable with Prob (ESE 1 whose t-th moment 


about origin is of the form : 


: (5 + 
EL) = Il ন ; ) Sa) 
“(ত +9, 


are constants not involving 


Where n is a positive integer, 6G>b; (j= Lb2 EE.) 
ater sections that the ; 5 


1 and (m), = TomTom). 
io st of Ho padienes and 


of the various likelihood-rati 
ariate Normal populations ont ndom sample of size 
f° the form (2.1). ‘The probability distribution of specific 
ted by Various authors 


statistics with moments of this form have been investiga 
1951); Wald and 


[Bartlett (1947); Nair (19338); Rao (1948, 1951); Roy (1951); Verma ( 
Brookner (1941); Wilks and Tukey (1946)). Tt is easy to show that asymptotically, { 


for large n, —n loge L is distributed as # Chi-square with 


2h power 


It will be seen in l 
atisties for testing hypotheses 
he basis of a ra 


Symmetry in multiv 
n all have moments © 


r=2 2b) (2.2) 
j=1 
degrees of freedom, which, how ever, is not @ very good approximation hor nis only 
Moderately large. The most convenient is the asymptotic series expansion derived 
by Box (1949) and Roy (1951) ™ which, t0 terms of order n™ may be expressed as follows : 
1 Nee VE 
Let n= 3 4 —h t= 12, 3; a= elt NES 
a J 

is (2B) 


Y¥=-—N loge L 


t 
hen, writing 
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have for the probability distribution of X the asymptotic expansion : 
we hav' 


Prob (X > 2) = Qe) +H [Orate)—QAe)]4- Wy [Ons ole)—Q(e)]4- 


AF Ns [Qn s(t)—Q,(0)]— 4 [Qril0)—QA(0)] HONS) (2.4) 


here 7 = 2;, is defined by (2.3), Q(z) stands for the probability that a Chi- 
ere 7 = 2, Is pl 
nen with r degrees of freedom exceeds z, that is, 


BY) AE. —hjuw apir—1l du 
OU) = || TG eu yy 
2 EE (2.5) 
and =" (dy—r,) = E gn) alr Pre Re 
2 
dg = 20:— 3 (da) 
Ls 4 
৫4 = 804— 40s ai ড় (dj—r;) 
BG t—_(b ‘J, t= 3, 4,5, 
where d, = ] (6, ta) —(b, + 2a)'] 5 
The first term of (2.4) by itself provides a good approximation. If the sample 
ize is only moderately large, the first two terms may be used. As 
Siz 


it is seldom 
’ for each of the statistics 
ants 1, a and 4 for use in the 


necessary to use more than the first two terms, we present 
considered in the later sections the values of the const 
expansion (2.4) to terms of order N°. 


3. TEs FOR INDEPENDENCE 
With a given partition (p;, D2, ..., Pm) Of the DP-Vari. 
to test the hypothesis AM; that the m groups of variates are mu 
Res (1935) showed that the likelihood-r 


ates into m groups, 


tually independent, 

atio statistic is the n-th power of 
Ee m . 

Li= [311] [ [Sus | whore Saa is tho paX pe 


diagonal sub-matrix of S 
ul 


defined by (1,8); 


Asymptotically, —nlog .L; is distributed as a Chi-square with 

= Piha Ba Fen) Dupes Pm)... pmn-1 Dm degrees of freedom. 

ক br tion of Li; in closed form has been obtaine 
distr ডি 


Wilks (1935) in certain special cases, where the n 
ilks (1938 


‘The exact 
d by Wald and Brookner (1941) and 
umber of Sroups containing an odd 
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number of variates is atmost one. In the two simplest cases, when m = 2 we have 


IOMO SxS Ll 


pid, BLY 4 
IL (™ Er ) ip == LD 


Prob (Li<s)= (8.1) 


TI At —pT+L pP—2) if pi = P—2, 0 = % 


ta-function defined by (1.11). An infinite series 


where I1,(p, q) is the incomplete Be 
L; in the general case Was obtained by Wald 


expansion of the distribution of —n log, 
and Brookner (1941). 
iho Hh Hioengotl computed by Wilks (1985) can be written as 
Bb] 


ml Pati 


i 8 il ta Le (=) J) 
t 


Since the moments are of the form (2.1) the asymptotic 
tS a, 1, Ag ME tabulated for all partitions 
(4)—(6) of Table 1. 


Where P, is defined by (1.4). 
expansion (2.4) is available. 
of p except (p—1. 1) and (p—2, 


The constar 
2) for 3 <P < 8 in columns 


FOR SPHERICAL SYMMETRY 


pothesis AN, of spherical symmetry, namely 
and have equal variances. He showed 


4. TEsr 


Mauchly (1940) proposed the hy 


that the p-variates are mutually independent 
that the lilkelihood-ratio statistic is the n-th power of L; = |S|/s? where 


1 2 
$= Yi 
p iat UL 
Asymptotically —1 log, Ls has the Chi-square distribution with 1=3plp + 1) —! 
f freedom given by Mauchly (1940) 


The number of degrees 0. 


degrees of freedom. OE” 
e exact probability distribution of L; when p = 2 is worked 


appears to be wrong. Th 
out by Mauchly (1940) as 

Prob (Li < t) 
of Li; about origin compute 


_ i-2 for B= 2,0 CTS. +. (5.1) 


The t-th moment d by Mauchly (1940) can be 


Oxpressed ns 


en 


Pr. 
EL!) = Il ET) 1 (58) 


Which is of the form (2.1). The constants dT, 42 in the asymptotic expansion (2.4) 
for 8 < p < 8 are tabulated in columns (2)—(4) of Table 2. 
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5. TEST FOR EQUALITY OF MEANS, EQUALITY OF VARIANCES AND EQUALITY 
OF COVARIANCES 


5.1. The hypothesis A,e: Wilks (1946) showed that the likelihood-ratio 
statistic for testing the hypothesis A, that the variances are equal and the 
covariances are equal is the in-th power of L,,= |S|/|S]| where § is derived from 
S by formula (1.1). 


Asymptotically —nlog,L,. follows the Chi-square distribution with 
1 = 3H(p-+-1)—2 degrees of freedom. The exact probability distributions for the 
cases p = 2, 8 obtained by Wilks (1946) are as follows : 


» 


(5.1) 
Prob (Li <%)= 


Iji(n—3,2) forp=3 


for 0<% <1. Verma (1951) has obtained infinite series expansions for the 
distribution of L,, for other small values of p. 


The t-th moment of L,, derived by Wilks (1946) is given by 


B-1 [= 
EE) 5 
2 D—-1l/, 


which is of the form (2.1). The constants 4,7, ds in the asymptotic expansion (2.4) 
are tabulated in columns (5)—(7) of Table 2 for 4 <P<8. 


5.2. The hypothesis A. : For testing the hypothesis Awe that the means 
are equal, the variances are equal and the covariances are equal, Wilks (1946) showed 
that the likelihood-ratio criterion is the n-th power of Lue = 1S|/| P| where V is 


derived from the matrix V = ((v;j)) by formula (1.1) where Vij = sj TNE —2)(5,—) 


and x = 


Asymptotically, —n log, Ln, is distributed as Chi-square with 7 = ip(p4+-3)—3 
degrees of freedom. The exact probability distributions for p = 2, 3 are as follows : 


n—2 

Ts ( ন I] ) for p= 2 

Prob (Lye <%)= +. (8.3) 
1 i (n—3, 3) for p = 3 
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An infinite series expansion of Whe distribution of Lave for other small values of p has 


been obtained by Verma (1951). 


The t-th moment of Lue computed by Wilks (1946) is 


nti—p-!l 
BE) = fl nm | (5.4) 
ive | ন j (5. 
t 


The asymptotic expansion (2.4) is therefore available and 


which is of the form (2.1). 
are tabulated in columns (8)-(10) of Table 2 for 


the constants ar, as involved 


4S EB; 


6. TEST FOR COMPOUND SYMMETRY 


3. unless anything to the contrary is explicitly stated, we 
shall consider a partition (Pr, Ps + pu) Of the p-variates into m groups. Tf there are q 
groups of variates each containing just one variate, we shall write h = m—9 (h> 1) 
‘h and pe = 1 for «= hEflLhYP2, mM. For 
17). We are now in a position 
Votaw (1948) who 


In whatever follow: 


s0 that pa > 2 for «= 1,2,.. 
brevity, we shall denote such a partition by (py ... Dus 
to state various hypotheses of compound symmetry prop G88: HY 


obtained the respective likelihood-ratio statistics and their moments. 


This hypothesis states that within each group 
of variates, the variances are equal and the covariances are equal, and between groups, 
are equal for each pair of groups. The likelihood-ratio criterion is 
= ISIHHS*| where S* is derived from 8S by the formula 


(pi, po -- Dol!) Of p. 


6.1. The hypothesis Mice) * 


the covariances 
the 1n-th power of Lio 
(1.5) corresponding to the partition 
has the Chi-square distribution with 
f freedom. The exact probability 
(1948) for the partitions (2, 1»-2) 


Asymptotically —n loge Lio) 
= Fpl De MEE --0 depres 
distribution of Licey has been worked out in Votaw 


and (3, 12-3) of p. Thus: 


( np P—1 ) for the partition (2, 2?) 
9 2 


1, 
(6.1) 


Prob (Licey < %) ন 


Ii (n—DP: p—1) for the partition (8; 23); 
JE 


are derived by Votaw, Kimball and Rafferty (1950). 
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With P, defined by (1.4), the t-th moment of Liye) Can be expressed as 
follows as shown by Votaw (1948) 


BULic)) = I [2% ন) (6.2) 


which is of the form (2.1). The values of the constants a, 7, ads in the asymptotic 
expansion (2.4) are tabulated in columns (7)—(9) of Table 1 for all partitions of p 
except (2, I?) and (3, 12-3) for 4 <p <8. 


6.2. The hypothesis Aion): This states that within each group of variates the 
means are equal, the variances are equal and the covariances are equal and between 
groups, the covariances are equal for each pair of groups. ‘The likelihood-ratio statistic 
is the 3 n-th power of Lin) = |S|/|T*| where the matrix T is defined by formula 


(1.10) for the partition (p;, ps2, ..., Pn, 1°) of the p-variates and T* is derived from 
T by formula (1.5). | 


Asymptotically —nlog, Lime) iS distributed as a Chi-square with 
1 = 3P(p+3)—4(44-3)—h(h+5)]—hg degrees of freedom. The exact probability 
distribution of Line) for the partitions (2, 12-2) and (8, 17-3) obtained by Votaw (1948) 
are as follows : 


Ts ( ~~ ’ ) for the partition (2, 12-2) 


Prob (Lime) be ) a Ete (6.3) 
I ji (n—p, p) for the partition (3, 17-3) 


and certain other cases are examined by Votaw, Kimball and Rafferty (1950). The 
t-th moment of Line) computed by Votaw (1948) is 


hh pe—l In—m—is—Peita— 1), 


B(Li ne) = 1 1 (5+5=) (6.4) 
Gh EE t 


where Pa is defined in (1.4). This is of the form (2.1) and the constants a, 7, ag involved 
in the asymptotic expansion (2.4) are given in columns (10)—(12) of Table 1 for all 
partitions of p except (2, 12-2) and (3, 12-3) for 4 <p 8. 


In the special case, p; = ps2 = ... = pn = U4, 4 > 2, that is when the DP-Variates 
fall into m groups, each of v-variates, for a fixed arrangement of the u-variates within 
each group, two other hypotheses of compound Symmetry have been considered by 
Votaw (1948). These are discussed in the following sections. | 
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হা i E ls 

6.3. The hypothesis Aijw.y: This hypothesis states that within each group, 
the variances are equal and the covariances are equal and between groups, the diagonal 
covariances are equal and the off-diagonal covariances are equal. The likelihood- 


ratio criterion is the n-th power of Lite) = |S|/|S**| where S** is derived from 


S by formula (1.6) corresponding to the partition (uw, wu, ..., 1) of p = mu. 


Asymptotically  —n log, Lit) follows the Chi-square distribution with 
্ ‘bs 
7 = Ip(p4+1)—m(n--1) degrees of freedom. In the case where m = 2 and 1 = 2, the 


exact distribution of Lit) derived in Votaw (1943) is as follows: 
Prob (Lite) < ®) = I iAn—+, 2) when wu = 2,m = 2. ss (655) 


The t-th moment of Lic) Was shown to be 


—m—ia—(u—a— 
(* m—? u ~ 2) 


m u-l 
| 2 
EBL) = a = 
( HE) Ll lL (ET) =), | k 


and the values of the constants a, 7, as in the asymptotic 


which is of the form (2.1) 
able 3 for m= 2, u= 3, 4; 


expansion (2.4) are presented in columns (4)—(6) of T 
m= 3, v= 2, md m=, u= 2. 

6.4. The hypothesis Atma): This hypothesis specifies that within each group, 
the means are equal, the variances are equal and the covariances are equal and between 
groups, the diagonal covariances are equal and the off-diagonal covariances are equal. 
The likelihood-ratio criterion was shown (Votaw, 1948) to be the n-th power of 
rix T is defined by (1.10) corresponding to the 
T** js derived from T by means of formula (1.6). 


Lit) = TS|/|T**| where the mat 
partition (uv, wu, ..., u) of p = MU and 
is distributed as a‘ Chi-square with 


Asymptotically —" log, Pitas 
The exact distribution in the case 


1 = Ip(p+-3)—m(m--2) degrees of freedom. 
m= 2, u = 2 obtained by Votaw (1948) is as follows: 


PA 2 


Prob (Lime) < (2)) = Ijaln—4, 3) when u = 2,m = 9. (6.7) 
The t-th moment of Lino) 25 derived by Votaw (1948) is: 
n—m—is—(u—1)(a—1) 
m ul ( — 5 ! 
(6.8) 


EL noo ) = [I 1 [£4 1-4 ie—l 
5 


at = u—1) ull 


This is of the form (2.1) and the values of the constants @,T?, ds in the asymptotic 
expansion (2.4) are presented in columns (7)—(9) of Table 83 for m= 2, t= 8,4, 
mM=3, u=2 and m=4, U=2. 


275 


Vor. 22] 


TABLE 1. VALUES OF CONSTANTS a, 7, a: 
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FOR Li, 


[ PARTS 3 & 4 


Lionce, AND Lier CRITERIA 


compound symmetry 


independence casas T= ts 
p m partition Li Li cnve) Live) 
[44 Fr [121 [11 f das AL SY ay 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) an) (12) 
ই 2 £1 ll 
8 LLil 1.83333 3 ~-.02083 Ll * * ফু ফু * 
€ 2 3; 
- TE te 2.78571 7 1.41964 3.30000 5 (88750 
sd, Pf Bb) 1 
4 LLLl 2.16667 6 45833 * * * * * * 
it রড 3 I 6.86486 3.21717 11 3.48141 
> ad 2 2 5.45 # 2.6000 
0 sa 5 BSL Fl LAUGH 5.45673 3.40000 10 60000 
8 82,2,1 2.75 375 3.27778 26 STL T 5696 
+ BL Oi EE A acd Eis 
5 LLLLI 2.50000 10 1.87500 ll * * * # * 
62 5 BREED 20 14.36530 3.48529 17 8.24008 
2 4,2 Kt k 3.61806 16 7.0831 
23,3 3.50000 9 2.43750 3.10000 20 16 6:88250 
8 4,11 3.27778 9 3.32639 3.19935 17 11.99778 14 6.86486 
3: 3,2,1 3.22727 11 3.35796 3.37500 16 9.93750 13 5.45673 
3: 2,22 3.16667 12 3.41667 3.56667 15 7.79583. 4.08333 12 3.97917 
4 BLL 3.08333 12 3.97917 * * * * * * 
i দু 90800 13 3.995 3.77273 11 6.35705 4.27778 ৫ Y 3.32630 
5 bl 2.9285 
6 LLL 2:83333 15 4.89583 * * * * + * 
7 2% 3.24483 29 24 
2 5,2 3.34821 28 5 23 
2 4,3 4.00000 12 5.00000 3.35317 28 23. Ho চ 23 
3 5,11 3.77273 11 6.35796 3.45000 25 3.96420 21 
3 441 3.71429 14 6.71429 : 24 4.00444 20 
8 3,8,1 3.70000 15 6.662: 24 ToL 20 
3 8.22 16 23 18. 04076 ‘23684 19 
4 4h 15 ন LE 20 19.25540 5 17 
4 BZ 17 7.98750 19 16.41776 16 
4 2:2,29,1 18 8: IU 18 13.48611 15 
B: Bll 18 8.81944 
5 2,2;L1,1 19 8.94408 4.26923 13 10.76442 1 
6 2,LL1L1,1 20 9.68750 
fT LLLLLEL 3.16667 21 10.85417 * * * + * 
827, 3.53801 38 43.58350 
2 6,2 3.62432 37 
29 5,3 4.50000 9.06250 3 37 
2 44 4.50000 9.00000 $3: 37 
3 5,11 4.26923 10.76442 3 34 
3 52.1 4.90588 11.81985 g, 33 3674953 
8 4,3,1 4.18421 2. 338 36.48370 
3 422 4.10000 8 32 33.68740 
3 3:3,2 4.07143 12.47321 8. 32 33.46875 21. 
4 5.11, 4.05556 13.48611 3. 29 34.97360 2b OAS 
4 4,2,L1 3.97619 13.99702 4. 28 31.69037 28: 20.00788 
4 3311 3.95455 13.98864 4. 28 31.46429 EF Tas 
4 3221 3.89130 14.43207 4. 27 28.21991 22 1539773 
2°2'2 3.88333 14.83333 4. 26 24.72115 22 ABe28 
4 2 > E 93 29.01285 20 19.25540 
BG Ll 3.0 TEE 22 2527278 19 16.41776 
- 8.79 5.7395 { ‘95 5.05556 18 13.48611 
Ee ) 2 3.74000 16.07750 4. 21 21.42560 5.05556 
5 ACTS 370000 16.93750 4 15 16.79588 5.26923 13 10.76442 
So 3.65385 § l i 
31 357407 8-00 $ * + * i 
HB 11 LLL 3.50000 19.2500 
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TABLE 2. VALUES OF a, 7, «as FOR Ls, Lre AND Lmre CRITERIA 
i  —————————— — — —— i — — — —— — 
equality of means, of variances and of covariances 


sphorical symmetry 


Ls Lie Lnve 
tf a EE as Tg r ay a r az 
Wa a 00) (8) 0) 0) 
3 1.27778 5 
ণু 1.58333 1) 2.73611 8 L.47184 2.21718 11 3.48140 
bj) 1.90000 14 4.86500 3.01923 13 4.24880 2.48530 17 8.24908 
6 2.32233 20 10. 30864 3.32105 19 9.41040 2.77500 24 16.29624 
7 2.54762 7 19. 19005 3.63248 26 17.95537 3.07638 32 28.78664 
be) 2.87500 35 3.94958 34 31.04982 3.38502 41 47.05200 


Co —— — 


TABLE 3. VALUES OF a, r, a2 FOR Liwe) AND Limwe CRITERIA 


compound symmetry 


Live) Lime 
p m partition — ট Ue রর ক ট ন 
th 2) BB) (4) (5) (6) (7) a. (9) 
6 2 03) 3.75000 13 39.54596 3.22368 19 A4.B4507 


4.00000 12 5.00000 


6 3 .(3,2,2) 4.50000 9 2.43750 

8 2 (4,4) 4.25026 30 89.7219 3.71605 36  37.54596 
8 4 (022,22 5.50000 16 9.00000 5.00000 20  15.00000 
i ” Cd Sat ad ad ite 


An astorisk in the-above tables indicate that the hypothesis is not defined, a blank that the oxact 


listribution is availablo in closed form. 
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ON THE FP-TEST IN THE INTRABLOCK ANALYSIS OF A 
BALANCED INCOMPLETE BLOCK DESIGN 


By SUJIT KUMAR MITRA 


Indian Statistical Institute, Calcutta 


istribution of the criterion (treatment sum of squares)! 
possible random assignments of treatments to the 
onts of this distribution for the situation when 


SUMMARY. In this paper tho d 


(trentment error sum of squares) is considered over 
first two moni 
hem with the corresponding moments of a Beta distribution 


s and the total number of experimental plots is 
ted to give 0 sufficiently accurate evaluation of 


experimental plots. Computing the 
treatment effects are absent and comparing th 
rors are homogeneou 
is expec 


itis ce 

Lis concluded that, when block er! 
eS large, the usual variance ratio test 
the lovel of significance of the randomisation test. 


1. INTRODUCTION 


In a balanced incomplete block experiment the v treatments are assigned to 


the experimental plots arranged in b blocks of k plots each in such a way that (a) 
each treatment oceurs exactly once in 7 blocks, (b) each pair of treatments occurs 
together equally often (A times) The treatment arrangement 
in the corresponding plan follows ex 
conveniently call the blocks of the plan as 6 
experimental blocks. The randomisation procedure i 


As follows. 


within some block. 
actly the same rule. However, we may 


oups’ to distinguish them from the 
n a BIBD can now be described 


Ri, : Firstly the b groups in the plan are assigned to the Db experimental 
blocks completely at random. 


R.: The treatments in © group are then randomly assigned to plots within 
a block separately and independently for each block. 
We denote the yield with treatment m= 1,2, ...,2) on plot (= 1, 2,...,) 

of Block i= lS sb) BY Xin 
al in effects if the observed yield of a 


The treatments Are said to be eq 
is independent of the treatment, that 


treatment on a plot is purely @ plot effect ui 
IN, HE. 
= Xije = Xi, 
foreach 1=1,2,...0: 
dj = le Sesily 


Ho: Xn= Xie = 
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Let the treatment m occur in groups ti, is, ..., tr Of the plan (i, < is <... <i;) 
and let the observed yields to treatment m, in whichever blocks these groups happen 
to be assigned, be denoted by im, t2m ---» trem respectively. Denote by B; the total 
yield of block i and by ডট the total yield of all the r blocks in which treatment m 

E) 


appears. Write 


7 
T,, = > Uhm 
A=l1 


The ANOVA table for the intrablock analysis of a BIBD is obtained 
(Yates, 1936) as follows. 


TABLE 1. ANALYSIS OF VARIANCE FOR A BALANCED INCOMPLETE 
BLOCK DESIGN 


EEE EET nnn ENEMIES 


sources of df. 8,8. ™mM.s. 
variation 


blocks (ignoring treatments) b—1 SoH = > BFE—-C.F. 
sa a y _ ok 0x M 
treatments (eliminating v—l Sth = = 20m Mey 
blocks) hl 
error bk—b—v-+1 Se (by subtraction) Mp 
total bk—1 >Xড় air C.F, 
C.F. = QG2/bk 


The null hypothesis Ho is tested by the randomisation test using the criterion 
HMi,lM,. This is evaluated for the layout actually used and also for all other layouts 
that could have been obtained under R, and R,. (Note that this is possible, under Hi, 
since then each plot would record the same yield, namely what it has presently 
recorded, irrespective of the treatment applied). If the value of this criterion for the 
layout actually used is exceeded in « percent of the possible arrangements we say that 
it is significant at the % percent level. ‘This is a laborious task and one naturally 
looks for approximations. ঠি 


The object of the present paper is to investigate the extent to which the usual 
variance ratio distribution F(v—1/bk—b—v--1) can be used to approximate the 
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distribution of the criterion over possible arrangements in the same way as 

Welch (1937) and Pitman (1933) investigated this for the Randomised Block Design and 

Welch (1937) did for the Latin Square. ‘This ix done by evaluating the moments of a 

related criterion Sey (Sin Se) and comparing them with the corresponding moments of 
—1 ই) 


) ১) 


a“ Beta disthibution B ( 


2, THE MEAN AND VARIANCE OF SLo(S/-S,) UNDER Hy 


Put 
i L Ss PCS ing block 
ly = Din —TOEGN yield of the corresponding block 
i সু her Rs Lyng 
= N,—4i. where Xi.= 4 Aip 
Ej 
S = ঠ ণট, S=>2 5, 
5 
2 
U => ef. EY 
ij 
5 
fe ig ol EN 
We note that On = 7 tm li) 
l 
and that, under Hy 
2.3 
Sit Se = 8S যথা 


Which is thus non-stochastic. Eg 


We also note that for any fixed assignment under Ri, the et HEE 
i টী istri নি another and that if a particular 
different, groups are distributed independently of one anotl সাল os লৰ 
i S yeCtor %ে he 
group is thus assigned to block i the possible values for the VEDlor hon he নৰ 
treatments which occur in that group are precisely the k! permutations 0 (rns Gg =i): 


iti n value of zero and variance 
Any a’ here would thus have conditionally @ mea 


5; 
k 

Hence FS) Sq 

2 = B=. B 
BOQ) = > BQ = 2 BROR) = vBLB(QHLR)] = 7; 
m m ্ঃ 
‘Therefore 
hh Mgt). = B= (2.4) 


k a i ome 
BSNS +8) = 5 1S ™ Ho AD HED ) 
since Ae—1) = tk— 1). 
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We have similarly 


B(Qi) = ELEC] Ri)] 


_ UU) BDSG 28) 
ud PED 


B(QIQ) = BLB(QOIQE| Ri)] 


_ (72—M(S2— 282), AES—U) _, 2AA—1)(S2— SSP) 
20 —1) j DECE—T)  HA(E— DOT) 


Hence 


BE Qi) = vE(Q%) +0 — DE(QE Q3) 


AYUv—1) 
= Ut HE A(X 8?—U)+ 


+ [ewe-tatnet MOE-D EED 


= Sr [81-0 D-IL - HD] Ga 


] 8S: >) 


= S24; যা a Es 
TD DTA-M ET) 


S24 EET) ( Us j ) S2— 508,58) 


2rv(Av—h) S2[1- LX(S; 8) 


——) 2 
= 84-1) _B—-DS 


(UPS 


্ 2rv(Av—k) Ly 
2) 92, je 
Therefore V(X Qm) LUA | j 


V(S;) r coef. of variation in the S;'s “ 


where Lb) হু ee OEE: | (2.5) 
i Sip _ 2rvlAv—k) EE Lb) 2:6 
We have thus | [ re Tt | = 1) [ S| |. “= (2.6) 
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8. (COMPARISON WITH THE MOMENTS OF THE BETA DISTRIBUTION 


ট a . nlu—l bk—b—v+1) a 
‘The mean and variance of Bl 52 2) are given by 
2 F) 


mean = দ avs, (3:1) 


variance = 20 U(bk—b—v1 1) 
| [b= DP 14-2] 


SEHD FLD 
EE = 


Ee? 2rvlAv— kb) 
= TE 1) 


Thus while the mean value of Stl( Stu Se) Agrees perfectly with the mean of 
Blt Loss the variances would also be practically equal if MUk—1) > 2 
B) 2 - BE 

and the block errors are homogeneous, that is, 6 = 0. Here, possibly the F-test 
Works reasonably well as an approximate randomisation test. 

ces the variance of Sisl(St+S.). Hence 
uggested Beta distribution for testing Ho, or equiva- 
> . . . 

would generally underestimate the significance 


Heterogeneity in block errors redu 
if 6 is large a reference to the s 
lently the usual F-test for MiulMeo 


and would thus be somewhat conservative. 
wn 


of departure from Ho, 

"fhe situation is thus remarkably similar to that of a randomised block design 

Mai seagate | Lat tho ratio of the variance of St.,/(S+.,- Se) 

And in some sense possibly better. Note RE 5 rat rte onl hides co) 6 
to that of the corresponding Beta distribution is approximatery edu b—l 


andomised block design. Ina BIBD, b> r, and in 


BIBD and to ja ina 
Many cases b is very large compared to 7. 

tures from the null hypothesis Ho that can possibly be 
AT EUTES ave been examined by Rao (1959) 


variance F-test h 
‘null expected values of the treatment and ‘error 


The types of dep 
detected by the analysis of 
through a comparison of the non 
Mean squares. 
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AN ADMISSIBLE ESTIMATE FOR ANY SAMPLING DESIGN 
By V. P. GODAMBE* 
Indian Statistical Institute, Calcutta 


NUAALARY. Tn tho class of all unbiassed estimates, admissibility of a well-known estimate is 


established. 


1. INTRODUCTION 


The author (1955) defined the general sampling design, and the corresponding 
class of linear unbiassed estimates, for finite populations, as follows: Let 


1 EE CT zn (LL) 
denote the different individuals in the population, the corresponding variate values 
being 

Xp Xn dr (1.2) 
The problem is to estimate 

No 
T= 2A (1.3) 
A=1 
by Observing X values of a few individuals A, from (1.1). Any sequence 
(1.4) 


a = By, 


Of (not necessarily distinct) individuals from (1.1) is called a ‘sample’ and be denoted 
by 8. Rother 
+ Further, let (1.5) 


= 
be an arbitrary ‘finite’ set of sequences s in (1.4). For every se we define a 


non- y bh 
On-negative number P;> 0, such that 


5 Bel (1.6) 
seS 
Now if we put 
P =({P} seS (1.7) 
® ‘sampling design’ d is defined as 
(8) 


d= (5S, Pl) 

all sampling designs d in (1.8), then all 
fact, for every deD it is 
viduals from (1.1), ‘one 


easy to see that if D denotes the class of 
1st belong to DBD: in 


th f 
16 known ‘sample survey designs’ MUSE Pete 
He to construct a sampling mechanism © AWing 

er din 
= OU (Hanumantha Rao, 1960). a f 


ge, Nagpur, India. 
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For any given sample seS, we define a linear estimate ce, as 
EES 2 fads a CL) 
Aes 
where the summation is taken over all the ‘distinet’ individuals A in s. It is again 


clear that all the known near estimates must be particular cases of e, in (1.9). Now, 
for unbiassedness of e,, 


He) = T (LO) 
for all Tin (1.3). A necessary and sufficient condition for e, in (L.9) to be unbiassed, 
in a sampling design d, is 

EAE =L A= iH) is UBL 
83\ 


where s3A, stands ‘for all s which include A’. Further if e, is unbiassed, its variance 
is given by, 


লি 
Ve)= 2 X73 BA PT 2 XX 2 BafBwbPi—Tt, aa (LAS) 
A=1 EE sa) 


33) 


2. AN ADMISSIBLE ESTIMATE 
The probability of any particular individual A being included in the sample is 
given by 
5 P, = PO) (02.1) 
for A= 1,...,N. Following Héjek, we call 
b= 2 XP) =" (2.2) 
2e 


a simple linear estimate (Héjek, 1959). It is easy to check from (L.11) that r, is 
unbiassed. We call an unbiassed estimate e, ‘admissible’ if for any other unbiassed 
estimate e; 

Ves) < V(e:) 5 (28) 


for some value of X = (Xj, ...,Xx...Xy) in (1.2). It is proved below that in this 
sense the simple linear estimate #, in (2.2) is admissible. 


Let es = 2 fod, wa CR 


AEs 
be an unbiassed estimate. If ¢; is different from 5, in (2.2) it follows that 
hss # HPO) = (5) 
for some A and s,A ts. To be specific, let us suppose for Ap ¢ s, 
Bios, # UPO). = 2:8) 
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AN ADMISSIBLE ESTIMATE FOR ANY SAMPLING DESIGN 
Now if Xv, = 1 and X\ = 0 for A # An in (L.12), we have 


EE | 
= ™* EA 


and 70 a: BEE 
Ve )= 2 BL Pi 
e)= 2 bate, (2.8) 


from (1.12). From (2.7), (2.3) and (1.11) we have, 


tet VE) 5 NE 
(es) (6s) iy (Bs i) E a= (2:9) 


Hh বম সাজতে” F ক 
ho r.h.s. of (2.9) is > 0 because of (2.6). Hence &s in (2.2) is admissible.* 


a 


3. ILLUSTRATIONS 


the sampling mechanism of making fixed number, say m, 


First consider 
ith equal probabilities. Then for the resulting 


(0) 0) WS Ls 
f draws, with replacement and Ww 


A 


POA) = (1-H). GD 


st i ; 
ampling design we have from (2.1), 


রান 
Fhe simple linear estimate (2.2) in this case is given by 


(3.2) 


Letting r(x) = number of distinct individuals in 8, we get another unbiassed estimate, 
by =N 2 X/o(s). sae (8:8) 


AEs 


It follows from the admissibility of 5 in (3.2) that, 


VE) < Ves) 
nag HY in (1.2). 
that the estimate e; in ( 
arithmetic mean. However, (3.4) proves 
Tn fact, it has been demonstrated 


as of linear unbiassed estimates of the population 


ate does not exist. 
Next, consider sampling with replacement and with equal probabilities, until 
. +4, bs 2. » 5D চ 
listinet individuals are sampled, where 0 Ss & Tn this case 


(3.4) 


for some value of X= (X12 
asu, 1958) 
nventional 
assed estimate. 


[It has been proved (B 3.3) has uniformly 
S31 oD . 
ক variance than the C0 
hat e; cannot be a best unbi 


God: a 

eas, 1955) that in the whole cla 

ot 5 Sa i 2 
tal, a uniformly minimum variance esti 


jven in advance. 


poy thy Le lil 035) 


8) denote the number of distinct individuals 


ince, for the general sampling design, if ul 


ir 

1 the sample s, 
iy 

E(u(s)) = 2 P(A): (3.6) 

ob GO GRes. LOES) spSAEEAU Class oF polo 


"জা * By an independent argument. earlier the a 
‘Stributions, with respect to which. €s is tho Bayes solution. 
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Tt follows from (2.2) and (3.5) that an admissible estimate in the present, case is 
= NN 2 X,o. (837) 
Aes 
4. AN ADMISSIBLE ESTIMATE WHICH MINIMISES MAXIMUM VARIANCE 
From (1.12) and (2.2) we have, 
bs #৯ 2 ll ee rats. RUA) 
VG)= 2 Xf: = 4 2 AX. TDR LO se, (Ed 
(5) UB ae BOBO) F (4.1) 
Tf we assume that X = (Xi, ..., Xx, ..-, Xy) in (1.2) is such that 
X.>0, A=l1,..,N (4,2) 
we have (since P(A, M)[P(OA) <1) 
ys 3X l 
VG) <TYX AA -T<T.( =! 8 
0) < <. 1): (4.3) 


1. POA) 
where P(A) = minimum of {P(L), ..., POA), ..., P(N). ae (4.4) 
Thus, for any sampling design, (4.3) gives an upper bound for V(G,), for all X;'s 
satisfying (4.2). Moreover, for any given T, this upper bound is actually attained 
when Hr =T and X)=0,A#Ap in which case 


Va) = IT? ( PA) (4.5) 
Now, the maximum variance in (4.5) is minimised for a sampling design for which 
P(A) in (4.4) is maximum. If we restrict ourselves to the sampling designs for which 
the expected number, E(%(s)), of distinct individuals in a sample s, is fixed, the design 
for which P(A) is maximum, or (4.5) is minimum, is immediately suggested from the 
fact that 
N 

B(v(s)) = টি P(A) (4.6) 
whatever the sampling design may be. Thus, for the sampling design obtained by 
drawing a fixed number, B(v(s)) = » (say) of individuals with equal probabilities, 
and without replacement, P(2,,) in (4.4) is maximised, and then the maximum 


variance in (4.5) is minimised by 


G=N 2A Xn. xs (4:7) 
Aes 
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NON-NULL DISTRIBUTION OF THE LIKELIHOOD-RATIO 
IN ANALYSIS OF DISPERSION 


By J. ROY 


Indian Statistical Institute, Calcutta 


SUMMARY. In this paper the non-null distribution of Wilks likelihood-ratio criterion for 


malysis of dispersion (multivariate analysis of variance) when the 
worked out in n form suitable for numerical evaluation of the power function when the ¢ 
peedom for error moderately large. An illustrative table of the power function of 
the analysis of dispersion test at five percent level of significance is presented for p = 1,2, 3, 4 variates 
when the degroos of freedom for the hypothesis are m = 3 and the degrees of freedom for error aro 


oxpectation-matrix is of unit rank is 
jeviation parameter 


is small and degrees of fr 


n = 200. 


1. INTRODUCTION 

ion (or, multivariate 
The joint probability 
xn(n > p) and Nd 


It is well known that problems of analysis of dispers 
analysis of variance) ean be reduced to the following form: 
density function of the elements of the random matrices X of form p 


of form pXm is 


wo ty -iW) xp [3 tr 2 (XX HYMN] (iad) 


a) 


(2) 


where the matrix > of form pXDP is positi 
is to test the hypothesis Ho that the matrix 


ve-definite and unknown and the problem 
M of form pXmis @ null-matrix, that is, 
Ho: M=0 (1.2) 
Tho likelihood-ratio statistic for testing this hypothesis is due to Wilks (1932) and can 
be put as 

EE a (0B) 

L a RZ TITY| 

o null case when H, 
(1957). In the null case, we 
edom n,m and p and 


is true has been 


‘The sampling distribution of this statistic in th 


investigated extensively; 58 Rao (1953) or Anderson 
Shall say that L follows Wilks’ distribution with degrees of fre ; 
denote its probability density function by W(L, n,m, p). In iw paper, we shall be 
concerned with the non-null distribution of L when M #0. The following properties 


of the null-distribution of L would be useful in this connection: 


f (=) 
দন 2 /t 
BLA) = ll ন), os a) 


(ah = T(a-+t)IT(a). 
Under Ho. the statistic L is distributed independently of the elements of 
J Ne E 
(05) 


where 


(XX'F YY). 
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‘The non-null distribution of L when mm = 1 was derived by Bose and Roy 
(1938) and Hsu (1938) and the probability density function in this case can be written 
as : 


220) BL "PHL Pj) ss OLD) 
5=0, F! Hl 
where p;(0) is the Poisson probability function : 
B(0) = e° 05/j! an (LB 
and B(L,1,s) is the Beta density function 
1 r-1 8-1 
Bh) == Eo —L ++ (1.8 
BL, ?;,.8) চত L (1-1) (1.8) 
and $= MI ™Y. 5 (1.9) 


Anderson (1946) has shown that, in general, when the rank of the matrix MM is 
9, 9 S min (p, m), the distribution of L can involve at most the gq parameters 


04,09, ...,0, defined as the positive square-roots of the non-zero roots of tho 
determinantal equation 


[MMW oy] =o. En ) 


He has also derived the moments of L when t = 1. 2, 


2. A LEMMA 


To obtain the non-null distribution of L we make the linear transformation 


[3+ ; Fe = OBE; FC; ss BI) 
where the matrix B of the form PXDP satisfies 
BE #=I (2.2) 


and orthogonal matrices (©, of the form PXp and Cs, 
make 


of the form mx m are chosen to 


: 0; 
0, BUC, = [0 “| 5 (8:8) 
IA 


where 0; and O; are null-matrices of the forms PX(m—q) and (p—q)Xy respective] y 
and Ais a 4X4 diagonal matrix with diagonal elements Oia sy 6, defined by (1.10). 
‘The existence of matrices ©, and C; is proved by Deemer and Olkin (1951 ). Writing 
Y* in the partitioned form é 
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ANALYSIS OF DISPERSION : NON.-NULL CASE 
where Y7 ix of the form p X(m—g) and Ys is of the form pXyq, it follows that 
eo |X*X*| | 
সন্তে FYI TENET (5) 


and that the joint probability density function of X*, Yi, Ys is 
a Lp) t 
an exp [2 {XX + rir +(n-[4 ) (#-[%)) |: 02.6) 


Now let 


L 


DEE TE |XX |, Lai= E241 5 
EH 7 42:2 etre 

where LEE DI Vs Ri (2.8) 

So that L = Li Ls. (2.9) 


Obviously Li follows Wilks’ distribution with #, m—g and p degrees of freedom and 
from (1.5) it is easy to seo that the distribution of Li is independent of L». We thus 
have the i 

. Lommu 2.1: The probability distribution of the statistic L defined by (1.3) 
ন) the stone as the product of two independent statistics Li and La where Ly follows Wilks’ 
distribution with degrees of freedom mn, W—d and p and Lois defined as the determinantal 


ralio (2.7) where the joint probability density function of the cdlements of Z; of form 
pX(n-+m—q) and Zs of form PX is 


woe oxp [— 3 be {2232s UN Is— Us) C0) 


(27) 


where Ms, = L ৫] ছ 
distribution of Ls is simpler than that of L 


‘Phe problem of deriving the 
1 to only 4. 


bocauso the value of m is now reducec 
3. THE CASE 4 = 1 
In this caso, the probability density function of Ls is 
[-°) 
n+ m— টু 
7 n(io)B (1s SE , 25) x: BL) 


j=0 
0-7), and 6 is the single parameter involved. Also, Li follows 
degrees of freedom nn, m—l and p. 


where p,(0) is defined by 
L = Li Le is less than a preassigned 


independently Wilks’ 
Consequently, the prob 
constant ws, 0 < <1, 


distribution with 
ability that the product 
may be evaluated as 


Bob (BEM = ঠি DAP) (8.2) 


Where 
WL, t m1, 2) B( DLE BH) dLadls. NE) 
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‘To evaluate P;j(#) we note that the problem is the same as finding the 
cumulative distribution function of the statistic 


= = Bh Li 4 (8:4) 


where L, and Lj are distributed independently, L, having the probability density 
function W(Li, n, m—l, p) and Lj having the probability density function 


B( Ls, SE ডি 45). Consequently the t-th moment of Lu; is given by 


n m— 
la), ৰ 
B(Lt,) = B(LS)E(L) = ~ 5 


where (a), is as defined in (1.4). 


It is known, however, (Roy, 1951), that for any statistic V distributed in the 
interval (0, 1) with t-th moment about origin given by 


aris TT — ss (8:6) 
“(5+ jl 
where c; > bj, J = 1, 2,..., s are constants not involving nm, 
Prob(V < 2) = QAx*)-4+terms O(n-2) a“ (8,7) 
where * = —(n—1)logee, r= 2%, A= (ni—ra)/r “= (8:8) 
"= 5 dH) t=1,2 (8.0) 


and Q(z) is the probability for a Chi-square with r degrees of freedom to exceed a 
that is, 


0 
0, &)= | E et ce Haui—1du,. 
7) 


2FT (Fr) (8.10) 

Thus Pi(z) = Qpms2,(X;)4- terms O(n) +. (8.11) 

where Xj = —(n+m—Aj) loge +. (3.12) 
Sp Dmlp--m-+1)-+2—4j2 

Aj TnI ; a (8.18) 
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Formulae (3.2) and (3.12) give a very convenient method for computation 


when n is large and 6 small. Since 
> IS) 2 S 
[Prob (L < )— ES p(E)P(e)| < 1— > pi(362) sat = (S44) 
3= 3=0 
and when § is small, even for comparatively small values of k the difference 
i a 
I= [= PI(L62) is rather small, we need consider only a very few terms in the 
expansion (3.2). 
If » is so large that terms O(n-2) may be neglected, Pile) can be computed 
amma function or from Hartley and Pearson's (1950) 


from Tables of the incomplete G 
The p;'s can be read off from Molina’s (1943) 


Tables of the Chi-square integral. 
Tables of Poisson probabilities. 


4, PowER FUNCTION OF ANALYSIS OF DISPERSION TEST 


Formula (3.2) can be used to evaluate the power function of the analysis of 
dispersion test when the alternative hypothesis is of rank one. To illustrate, consider 
the case where there are p = t variates, the degrees of freedom for error and hypotheses 
are n = 200 and m = 2 respectively, the level of significance is fixed at five percent 
(4 = 0.05) and the alternative hypothesis of unit rank specifies that 0° = 2. Using 

tao’s (1951) approximation (See Rao, 1953) to the null distribution of L, namely 
lB D2 ) X log, L follows the Chi-s 


2 


that — ( n+ quare distribution with pm degrees 
of freedom, tho lower five percent point of the distribution of L is found to be 
t = 0.92436. 

1 by Prob (L <2). 
f pm 2j, Aj and X; for j= 0, 1,2,3,4,5: 


The power of the test is thus giver To compute this, we prepare 
first the following table of values 0 


J pm 2) Mj Xj 

[1 8 3.5 15.5073 
1 10 B.0 15.5464 
9 12 2.9 15.6089 
3 1 1.181818 15.6834 
Y 16 0 15.7807 
5 15 — 1.307692 15.8829 


Writing p, = p,(362) anid Q; = Qamiai2s) We read off the values of p ED 
ly ==: PEO") 8 5% 

Hartley and Pearson’s (1950) Tables : 

nj Qj 


0.36788 0.05000 


~~. 


0.36788 0.11338 
2 0.18394 0.20981 
3 0.06131 0.33278 
F! 0.01533 0.46836 
i 0.60070 


0.00307 
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The power of the test is thus given by 
Prob (L < x2) = > pjQ; = 0.12812 — 0.13 
to two places of decimals. 
The following table gives the power of analysis of dispersion tests at the five 


percent level of significance for p= 1,2,3,4, m=2,3, n= 200, $= 0(1)s. 


POWER OF ANALYSIS OF DISPERSION TEST WHEN THI 
ALTERNATIVE HYPOTHESIS IS OF UNIT RANK 


probability of rejection of the hypothesis 


m=2 m = 3 
52 number of variates (p) number of variates (p) 
1 2 8 4 1 2 3 4 
0  .05 .05 .05 .05 +05 .05 .05 .05 
1 183 .10 .09 .09 ‘11 .09 .08 .08 
2 .92 A6 14 l38 9 At .A2 1) 
$$ BL A MW MM ‘26 .20 17 16 
4 40 81 26 .28 35 26 22 19 
5 49 38 33 .28 43 3:3 27 23 
6 57 45 30 34 50 39 32 28 
7 64 52 40 bY 45 38 33 
8 70 59 46 64 .52 43 38 
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NONPARAMETRIC LINEAR ESTIMATION OF COMMON MEDIAN 
OF SYMMETRICAL POPULATIONS FROM SYMMETRICALLY 7 
CENSORED OBSERVATIONS 


JOHN E. WALSH 


System Development Corporation, Santa Monica, California, USA 


SUMJILARY. Estimation cf the mean of a specified continuous parametric population on the 
or all of the order statistics of a sample from that population has 
rocoived the attention of several authors. The case of a doubly censored sample has been considered by 
A. BE. Sarhan, who gave some approximate rules for efficient selection of the coefficients in the linear 
ostimate based on the available order statistics. This paper considers a nonparametric application of 
censored sample that is known to have come from a symme- 
The detailed shape of this population is not known but 
is bolievod to bo, at least roughly, of a specified parametric form. On the basis of Sarhan’s rules, & 
nonparametric estimate is obtained for the population median that has a reasonably high efficiency if the 
mpled is at least approximately of the stated type. ‘This 
at it can be valid when the observations are not a sample 
vations are not even roughly of the specified shape. 
oe common median when the observations are 
pulations having the same central value. For the special case 
bo used to obtain permutation tests which are reasonably 
sample and the shape of the symmetrical 
n is furnished as for 


basis cf a linear Function of some 


these rules to tho situation of a symmetrically 
trical population (not necessarily continuous). 


obsorvations are a sample and the population sar 
ostimate furnishes nonparametric protection in th 
and somo or all of the populations yielding the obser 
Specifically, the procedure furnishes an estimate for th 
independent and from any symmetrical po 
of no censoring, the estimation statistics can 


ofliciont when the observations aro & symmetrically censored 
The same type of nonparametric protectio’ 


Population is at least roughly known. 
use in applying these tests. Also, 


tho ostimation case, Some large sample approximations are given for 
a method is stated for obtaining confidence intervals on the basis of these tests. 


INTRODUCTION 

e intended for application in situations 
e believed to be a random sample and 
metrical with @ shape that is at least 
are reasonably efficient when 
nish protection against some of the possible assumption 
d for determining the statistics used are applicable 


e spectrum of distribution shapes; consequently, 
o a wide variety of situations involving samples 


and tests presented an 
(before censoring) ar 
on is believed to be syn 
ical procedures presented 


‘The estimates 
Where theo observations 
the population distributi 
roughly known. The statist 
these Assumptions hold and fur 
violations. ‘The rules presente 
for a moderately comprehensiv 
these procedures can bo applied t 
from symmetrical populations. 


nsist Of observations whose ordered values are denoted 


যু (1) < (2) < < %(n) The available set of observations is symmetrically 

‘ Ss Ue ue SON). IR ন 

Censored so UR only the values of (1), alr 1), cs Mn 7), a(n 1—?) are known, 
r estimates considered are of the form 


where 0< + < (n4-1)/2. The linet 


The underlying data c0 


nti a 
a 


Where ali) = aln+l-th 2 
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This paper furnishes some rules for selecting suitable values for the a(i) when the type 
of situation considered arises. 


The method given for determining these coefficients is based on two papers 
by A. E. Sarhan (19552 and 1955b), who developed some approximate selection rules 
for the case of doubly censored samples from continuous parametric populations. 
The version of these rules presented here is in terms of probability density functions, 
but their application is not restricted to the continuous case. These rules can be 


applied to the discrete case on the basis of the shapes of histograms for discrete 
frequency functions. 


Following Sarhan’s general approach, the a(i) are divided into three sets 
such that all of the coefficients in a set have the same value. An estimate is 


determined (for given 7 and n) by specifying the size of each set and the coefficient 
value for each set. 


Although ¢ was developed for the purpose of estimating the median of a 
somewhat specialized population, its validity as an estimate is rather general. If 
the only requirement is that the observations are statistically independent; and from 
7 possibly different symmetrical populations with common central value ¢, the statistic 


? can be shown to have a distribution that is symmetrical about ¢. This 2 is a median 


+ Cr . ৰথ . . . 
estimate of ¢ under rather general conditions, and, if B(?) exists, is also an unbiased 
estimate of ov. 


One situation involving symmetrical censoring is that where no observations 
are removed (i.e., 7? = 1). For this case, permutation (randomization) tests can be 


. . ~~ é 
obtained for ¢ on the basis of 9; also confidence intervals can be determined on the 


basis of these tests. Since ¢ has a reasonably high estimate efficiency (in the sense 


A 
that the variance for ¢ is not much larger than the minimum variance for a linear 


estimate of ¢), these tests and confidence intervals can be expected to be reasonably 


efficient. For large sample sizes, the test statistic has an approximately normal 


distribution, so that the efficiency level is directly established as being the same 
as that for estimation. For moderate and small sample sizes, the efficiency level is 
difficult to determine; however, intuitive considerations indice 


ate that it should be 
reasonably high. 


Unless » is quite small, the direct application of one of these permutation tests 
can require much effort. When the sample size is at least moderately large, however, 
a normal approximation that is not difficult to apply can frequently be used. 


The use of ¢ for permutation tests has the same general validity as the use of 


? as an estimate. Namely, the only requirement for 
observations are independent and from n possibly 
with common central value %. 


the tests to be valid is that the 
different symmetrical populations 
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‘The next section contains a statement of the rules for determining the a(t). 
The following section contains the results for permutation tests and confidence intervals. 
‘The final section contains verification of the statement that ? is symmetrically 
distributed about ¢ under rather general conditions. 


SELECTION OF COEFFICIENTS 


As already mentioned, the coefficients are divided into three sets such that 
all the a(i) in a set have the same value. Let 

A(z) = 2 (largest integer < 2+1/2), a(z) = 0 (largest integer < 24+1/2). Then 
the three sets are determined by (1) and the additional relations 


alr) cu = tt LAD HLTA] = 0 = GTO 


where Ant 14m) <A <nT 1-+n)04+D. 
and aln+1—?). Thus the three sets 


Here it is to be noted that one set consists of alr) 
specifying A and any two of 


and the corresponding ali) values are determined by 
a(r), a(r4-1), af(n-- 0/2]. 
The approximate rules for use in selecting values for alr), .. 
(a) Foran U-shaped population, alr4-1) = 0, alr) is large and positive. A 
increases as the shape approaches that of a rectangular distribution. 
(b) For a rectangular population, alr+1) = a[(n-+1)/2] = 0. 
abolic shaped unimodal distribution, all ali) > 0, 
and A decreases as population shape tends 


+, a(n 1-1) are 


(ec) Fora triangular or par 
alr) = alr4-1), a(r4-1) > aln+ 1/2), 
toward that for normality (develops tails). 

(d) For a normal population, alr) = r+) = a(n 1)/2]. 

(e) Fora double exponential population (e.g., with pdf Fel"), all ali) > 0, 
alr) = alr4-1), ar) < al(n+-1)[2], and A decreases as population shape approaches 
normality. 

(f) For a population with heavy t 
alr) = alr-+1) = 0, and A decreases as the tails b 


limit for Cauchy distribution). 


ails (e.g., with pdf © exp[— [a—?|112]), 
ecome heavier (tending to its lower 


These rules should be adequate for handling most situations of practical 


interest. I 


D CONFIDENCE INTERVALS 


PERMUTATION TESTS AN 
the observations are 


ation is considered; namely, 
ations with common central value 9. 


ase where 7 = 1 by use of the 


Here the most general situ 
only required to be independent and from popul 


The problem is to obtain permutation tests for the ¢. ্ 
istic 5 i » all sample sizes. hen an approxi- 

Statis " bs test is first stated for al Rize: 

নক আলী লা gf be used when the sample size 1s at least moderately 


mation is given that can often 
large. 
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The null hypothesis asserts that ¢ = pp and the observations whose Te 
are different from go are denoted by (Jj), j= 1,...,N <n. Then, for the type of 
permutation test developed, the values of [9(1)—pol, ..., | UN)—%,0 | are considered 
to be fixed and probability enters only with respect to the signs given these values. 
Since the observations yielding the %(j) are independent, and from symmetrical 
populations with common central value ¢, all 2N ways of assigning a plus or a minus 


" sign to each of these absolute values are equally likely under the null hypothesis 
(see Eeden and Benard, 1957). 


Establish a one-to-one correspondence between the (i) that are not equal 
to 0 and the Y(j), such that (i) = (5) and (i) corresponds to Yj). Then, for these 


%(5), the value of t is determined by that of j: notationally, 1 = i(j) for these values 
of 1. 


Let € = (6, ..., ey) be a vector such that each 6j is either 4-1 or —1 and let 
Zi(e) <... < Zy (6) be the order statistics of YL) —ypol, ..., ex IUN)—%0]. Consider 
the set of 2Y values (not necessarily unequal) obtained from 


# 
Ae, 90) = 2 ali(5)1206) 

i= 
by letting ¢ take each of its 2 values. Here a[i(f)] = ali) is the coefficient selected 


for (i) in the estimate 2. One of the 2¥ values of the set, 


corresponding to 
sgn) = sgnly(j)—s] for all j,is 


E ati) —edl = > a(i)[a(i)— eo] = 9—9- 


‘This value is used as the test Statistic. 


Tf $— po exceeds exactly 100(1—z) percent of the 2N values for Alc, 0), the 
null hypothesis is rejected in favour of the alternative ¢ > ps; the significance level 


of this one-sided test isa. If 9-9, is Jess than exactly 1002: percent of the values, 
the alternative ¢ < 9, is accepted at significance level B. Two-sided tests can be 
obtained as non-overlapping combinations of these two types of one-sided tests. 
Fisher's randomization test based on the observation mean (Fisher, 1949) and Nair’s 
randomization test based on the observation median (Nair, 1940) furnish special cases 
of the class of permutation tests presented. 


Unless N is small, direct application of these tests C 
However, if N is at least moderately large and some other 0 
an approximation can be used. Let 


an be very tedious. 
nditions are satisfied, 


(po) = (1/2) min | fafiCe] yw) —yo] | — afi) yo) — el 


oe) = 3 ait), 
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and suppose that N > 25, 14N < < 1—1/4N, 
and max @[i(j)()—vol*loeeo) < 5/20; 
’ 
thon, when the null hypothesis holds, on the basis of [Eden and Benard, 1957], 


Pop, < le)—Kacle] =, Ple—eo > —deo)+Keoleo)] = &; 


here K, is the deviate of the standardized normal distribution (zero mean and unit 
variance) that is exceeded with probability «. These approximate probability 


relations can be used to obtain one-sided and two-sided tests in the usual manner. 


Confidence intervals from tests. Let Lalp,) and Up (po) be two values 
of A(6, p,) such that exactly 100(1—2) percent of the A(c, 90) have values exceeding 
Lo) and exactly 1009 percent have values less than Up (90). Also let 9, (2) 


be the solution for ¢, of 


A 


$—%0 = Lalo) 


while (fp) is the solution for po of 


9—to = Us (0). 


‘Then, Plier, (0) < ?] = %, Ploy (B) > #]= b, and, if a+ <, 


Pleulf) <? < rol] = I—a—B. 
Whon N > 25 and LAN < 1—1/4N, 7, (%) can be approximately determined 
from 

Gps = —dlpa)+Koe0) 
Subject to the condition that the resulting value satisfies 


- TiC) —edPlo*lelo]) < 5/2N. swe) 


Likewise, p,(p) eeu 0 approximately determined from 


ft = cleo) — LK eoleo) 


if the result , V Jue satislies 
218 5 bs) 
nay afi) rotblPle*Leoth < SIN, la. 
E 
TU beth (2) and (3) satisfied, the two-sided confidence interval for ¢ can be used on 
cll (2) and (3) are sat. 2 c K ly 
Lic vasis of these approximate values for 9, (@) and vy (B) 
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SYMMETRY PROPERTIES 


The purpose of this section is to verify that ? has a distribution which is 
symmetrical about ¢ when the underlying observations are independent and from 
symmetrical populations that have a common central value ¢. 

Theorem: 


Pe—e < X) = Pe— +> —2) 
for all values of X. 


Proof: Let the observations be denoted by w(l), ..., w(n). ‘Then, since the 
populations are symmetrical about ¢, the random variable 29—wl(i) has the same 
distribution as w(i). This implies that the joint distribution of the vector 
29— (n+ 1—r), ..., 29-—-2(r) is the same as that of the vector alr), ..., x(n 4-1 —7). 


Since (i) = «(n4-1—i), the variable 29—9 has the same distribution as 9. Thus, 


replacing ¢ by 29—%, 


Pe—+ < X) = Pe—? < X) = P—-+> —X) 


and the theorem is verified. 
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Paper received: June, 1959. 


300 


ON SOME CLASSIFICATION PROBLEMS—! 


By 8. JOHN 
Indian Statistical Institute, Calcutta 


scribed and its performance characteristics are 


SUMMARY. A classification procedure is de: 
here the only information 


studied. The procedure described is one which can be adopted in situations w 


on alternativo populations is contuined in samples. 


1. INTRODUCTION 


In problems of discrimination we have an individual, known to belong 
to one or other of I: populations and we want to assign it to its correct population. 
Such problems of classification often arise in several branches of science. The 
technique of discriminant functions which was devised by Fisher (1936) has proved 
to be invaluable in tackling classification problems. But the construction of the 
discriminant function is possible only when we know the values of the parameters 
characterizing the populations to be discriminated between. This raises the question 
as to what is to be done when such knowledge is absent. In this paper we describe 
@ classification procedure suited to such situations and make a detailed study of the 


chances of error involved in this procedure. 
Let us first consider the case of two populations Pi and Ps. We shall 
al with means ud = (PL 


Suppose P, and Ps, to be multivariate norm 

AY = (uP, ED, cs ig) respectively and a common dispersion matrix 2. We shall, 

in this paper, suppose that > is known. We have an individual wail me 

% = (ti; 0g, cs 0p) and we want to assign him to Por Ps. To Ls end we draw 
and perform tests of significance to see 


samples of size N, and Ns from P; and Ps 
Whether a could have come from P; or P,. Suppose the test rejects the hypothesis 
that a came from P; at a level 1 and the hypothesis that x came from Ps at @ level 
«2. We assign x to P; or Ps according as 1 = 02° Let £0 be the veBtor of sample 

means in the second 


means in the first sample and let 32 be the vector of sample 
sample. We may, for the tests of significance, uUsC the criteria (NilNi+1) 


(G0 gp)S-1E ay’ and (NN DE® JE UE) respectively, each being 
distributed as a chi-square with p degrees of freedom under the respective null hypo- 
theses. In this case our procedure amounts to assigning ¥ to P; or Pi according 


as 


asurements 


! |! (2x) SUBD)! ... ৰ 
(NUN, + DGGE) S (NaN 1) (3-2) 2-122) (1.1) 
he performance 


all study in some detail t 
ation procedures 


sections we sh ৈ 
7 study of other classific 


In the following 
A simila 


Characteristics of such a pr 
will be made in subsequent papers. 


gCcedure.. 
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2. PROBABILITIES OF MISCLASSIFICATION 


If x really came from P; what is the probability of . wrongly assigning 
it to Ps? If z really came from P, what is the chance of w rongly 


assigning it to Pi? 
In other words, we require 


VoL. 22] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Panrs 3 & A . 


Pr(2,>22|2eP,) and Pri < ze eP;) === {8&1 ) 

where 21 = (Ni/Ni + (G02) S-(GDaxy’ #4 (1&2) 
and 22 = (NA/N2%+- L(302 2) X15 2)’. (2.3) 
We shall explain how to evaluate Pr(z, > দহ € Pi); Pra, <2,fee L,) can 


be evaluated similarly. 


Put y= (Ni/N, + DG 2)A (2.4) 

and * y= (N/N24- 1G 0)A +. (2.5) 
Where A is a (pxp) matrix such that A’>A =I. 

We can now write 

21 = YOY, 2, = yy, (2.6) 


The joint distribution of (yD, y(2) is multiv 


ariate normal with moans (0, 0) and 
dispersion matrix 


hn ee 
PL IJ 
NV, 
where = (ss) (n® nd) (2.7) 


NARNY2 
and = HINT *** (2.8) 
I NF UND 
We now make one more transformation and put ঠ 

wh = yWC, w® = yA0 Beas 

2) = why, 22 = wid) yy) (2.10) 
302 

Fa 


where (is an orthogonal matrix whose first column is 


0 0s 0, by 
RE Ee Fe 3 Fte » 
(29 [39] [29] 

=1 - | যো; yu 


t i=l 


In terms of the variables w® and wt), 


ON SOME CLASSIFICATION PROBLEMS—I 


Fhe joint density function of (wD, w(®) splits up into p factors and is, in fact, 


(u{D, wf) I g(t, wf) + (2:11) 


i=2 


ty a2 200 (0— 8)-+(0—5)*1 


হং 1 = 3 
where f(a, D) = Er ET e ste (2:12) 
1 = [a2— 20ab-+-b°] 
EOE Ms erie cen (2.13 
a, b) (1 — pf ( ) 
and 5=(3 0M) = (NAN DU HDS Ap —pdy}s ... (2.14) 
i=1 


$ is thus a simple multiple of the distance between P; and Ps. 


Now put 


1 = [21—p)] Kw —uwtd) (2.15) 
v= [2014+ p)T Hu® + uw). (2558) 

Clearly 2, > 22 if and only if uv < 0. Thus we get the result 
Piz, > zal €Pi)= Prluv' < 0). a (ET) 


o the task of evaluating Prluv' <0). We 
v, are all independently distributed normal 
All of them except 1) and vy, have got 


We now address ourselves t 


observe that ,, 1g, tp; Up U2 
variables. ‘The variance of each is nity. 


zero expectation. But 


Hu) = [20 8 = 1 (say) on) 
Boy) = [24-7 6 = E (ony). a) 


and 
Tis ste shall Bnd Pru < 0ju) and finally get Prluv' < 0) by finding 


E[Praw' < Ou]. 


—tulsug)! 5 
a a 1 gig 
Pru’ < Olu) = | (2)! 


0c 


1 ghd. +. (2.20) 
ন 2) 
fuls uf y* ( ) 
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We now make the substitution 


U, = 17008 t, X= (U3FUu3F...Pu3)t =r sin t. 4 (2.21) 


Then Prluv' < 0|u) = নদ gl dt. ==: (2:22) 
{ cost a 


We observe that Pr(uv’ < 0|u) depends on u only through t. Therefore if p(t) is 
the density function of tf, 


Pru’ < 0) = I Jf (2m)-te™ 2° ) 20)dt. ... (2.23) 


{ cost 


We have thus to find the distribution of t. 


3. DISTRIBUTION OF t 
The joint density of u, and x? is easily seen to be 
2 (PT) (oye eX (9m)1 eH, (8) 
Making the substitution 
U =717 cost, X=rsint -.* (3.2) 
we find that the joint density of 7 and t is 


#2 Binz-2%, ... (3:3) 


Trt 27 (=| e712 e = I2+mr cost 


Expanding e” °081 ip powers of 7 and integrating out + we get the density function 
of t as 
=atlr (222) tn 2-2, SS D(o+s)/2] 
%t) =T [r ( ডি )] e sin 7 i Eo (292)%? coset... (38.4) 


Substituting in (2.23) we get 


i Ys =] NAL andl ee 
Prluw' <0)=mi[ T(E) ech TE (2p)... (3.5) 
3=0 
where (t= J Sint toon [ ens et da) dt. এ (8:6) 
8 { cost 
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We shall obtain a series expansion for h(E) valid for all s. 


hy6) = || sine-2 t cos: t [(2m)-* { edn] dt 


lu § cost 


{ cost i 
|| (2n)y-te dic] dt an (87) 


Tu 
= || sin®-2t cos’ t [3— 
ডি 0 


= 3 | sinn-?t cost dt— 


bed [. nly 
5) 3 (EU EE OT Sot OUST Bl 


_ (Gy 2 EL HT 
Be 41 
| 5) [ত )() + (if s is even) 
MR) 
না Bi=—L 24+ s4-2 
AE an a is BE 
eS CP HEE PEA] 


(if s is odd). 


It will not be difficult 
involved is justified. 


for the reader to verify that the term by term integration 


4. BoUNDS FOR THE PROBABILITY 


e expression for hilt) if 8 is even and an 


nd lower bounds tor hi(€) 
bounds for Prluv' < 0). 


In (3.8) we have a very simpl € 
infinite series if s is odd. We shall now determine upper & 
for s odd. These will in their turn determine upper and lower 


Tf s is odd, we have from (3.7) 


যা ¥ cost ue 
h(t) = =| sin?—2 t cos A || (2m) Li an) 
8 1 6 
iz টল 
=’ x ( | (2m) e i 12 gy Ja (4 1) 
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Observe that || (27) el: Gy is a concave function of x. Hence wo have 
0 


+1 
“ন oj ]) Fas) টি 
h(t) > — A TSE ) | (2m) e Ry, (4.2) 
EE iy Boks 
Where (s) = ii ) ot) (4.3) 
A I J r( £ 9 ) 
Further it is obvious that, for s odd 
h(t) <0 (4.4) 


Using (3.8) and (4.2) we obtain from (3.5) the following bounds for Pius < 0) 


a I(s+3 ) | , 0 +1 Fa(2s+1) 
tal > Mest CrY— >. দত ( 


0 


(27)! can) (292)r+5 | 


SL <0) < rth SEE tap 


‘These bounds can be written in 


2 simpler form using the duplic 
gamma function 


ation formula for the 


TtI(22) = 2%), Tr (4-3) 


5 ta(28+1) 
=" (2/2) 2n)-t— 12 
% 2. 153) I PTT hy Epps ct) CE 0 Ud 
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These bounds are easier to calculate than the exact expression for P(uv’ < 0) itself. 


A slightly more simple, but less sharp, lower bound for Pr(uv’ < 0) is obtained 
if we use the [net that, for odd s 


TEE DfT) f 
h(E) <= Es 7 { (2m)jte du 


25) ! hs @ 2/9843 ন 3 
Ie Ti (| (SnAg “) ! ১ < Pru তং 0) EC & aes (4 
8=0 gs 


It is possible to give yet another lower bound. (Lam indebted to Dr. C. RB. 
uo for pointing out this). ‘This is obtained by noting that 


hs (6) b [ssa (4) < has (6). 


Hence wo get alter some simplification, 


s+ r(s+ 2) 


ut (72/2) N41 EPH <I; (48) 
1—e 1" | 2 ন" ত (uw ) 
5=0 


FI টী 
If we separate even and odd terms, the exact formula for Prluv' < 0) itself 


Can ho cxpressed more simply as 


Pru <0) = Fr! [r(* 7 )| il Zs  (2s+1)! (yet hasa(6) 
s=0 
(4.9) 
5, CLASSIFICATION WHEN THERE ARE MORE THAN TWO POPULATIONS 
Generalizing the procedure discussed above, we may compute 
ie 1,9, a5 B) (8.1) 


i NS —1(500)— i 

x = (NIN De —a) 5G) 0 
j= 1,2 k, ij). Here 30) is the vector of means 
po }aken from P; and 2 is the common dispersion 
h i ili incorrect classifi- 

e Let us consider the probability of ating [) ~- 
Assume that x really belongs to Le e 
of incorrect classification. Similar 
f misclassification of individuals 


and ASsign x to Pitz <e; 
Computed from a sample of size Ni; 
trix assumed to be known. 
cation inyolyed in the above procedure. 
he probability 


Shall QiVGe i I to t 
Slve an upper bounc aillies 6 


Upper - , the prob 
‘Pper bounds can be given for the pr 


fro 
Un ay 
Ly, PL, "তর Pts 
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Let E; (i= 2,3,...,k) be the event that z; <2zi. Then the chance of 


t 
misclassifying x is Pr U2. 


Lo 
No, Pr (U Ei) < SX Pr(E). (Uspensky, 1937). (5.2) 
i=2 i=2 


But Pr(%;) (i = 2,..., k) is the probability of misclassification in the situation where 
there are only two populations P, and P;. We have already explained how this 
probability can be computed. 


ed) 
REFERENCES 
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ON SOME CLASSIFICATION STATISTICS 


| By S. JOHN 
Indian Statistical Institute, Calcutta 
J 


SUMMARY. 
‘To sot up tho classification procedure and to study 
up, it is nocessary to know tho distributions of the statistics used. 


of soveral classification Statistics. 
1. INTRODUCTION 


Research w 
known to belong to one or other of two classes, to its correct class. 
Observing various characteristies of tl 
ranges for the two classes are completely 
tion purposes. But itis generally the case that th 
individuals from both the classes may appear. 


correct. But if we know the distributions of the characteris 


Wwe can devise a procedure in which the chances of misclassi 
will be achieved if we use the likelihood ratio as 
procedure of using the discriminant function is equiva 
likelihood ratio provided the distributions 
Populations, multivariate normal with identical dispersion matrices. 


the characteristics observed by ® = (ty . 
rectors in the two popul 


Eh 


and the mean v 
discriminant function is 
Dla) = (u® —nd)E Tw. 


are assigned to Ps. 
in Pi and Ps are unknown, we 


ald (1944) sugge 


D(x) sample e 
valuate the ¢ 


If the distributions of 
. bd T, 
Procedure. ‘To meet this situation, W 


tion U(x) obtained by substituting in 
dure and to € 


dure thus set up, W 
ackled this problem 


whose joint 
factor, the secon 


Sel up the classification proce 
Involved in adopting the proce 
for ws from P, and Ps. Wald t 
function of three statistics My, Ma, my 


Product of three factors, the first a exponential 
rd an expectation 0 


cctation for 
(1952) gave &m alterna 


and beta functions and the thi 
“In 1951, Anderson evaluated this exp 


Individuals with small D(a) values a 
ate parallel vectors. Later Sitgreaves 
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Various authors have suggested various statistics for use in classification problems. 
the performance characteristics of procedures thus set 
This paper gives the exact distributions 


orkers are often faced with the problem of assigning an individual, 
They do this by 
ie individual. Some characteristics whose 
disjoint would have been ideal for classifica- 
here is a certain range of values where 
This prevents us from being always 
tics in both the classes, 
fication are least. 
a criterion. The well-known 
lent to the one using the 
of the characteristics are in both the 
If we denote 
) the common dispersion matrix by > 
ations P, and P, by A and p(®, the 


e assigned to P; and those with large D(z) values 


are unable to use this 
sted that we could use the funce- 
stimates of jt, w® and 2. 
hances of misclassification 
re require the distributions of U(x) 
1 in 1944. He exhibited U(x) as a 
distribution he expressed as a 
d a product of gamma 
f a power of a random determinant. 


the special case where wd and u(® 
te derivation of the joint 
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distribution of mj, m2 and ms, again for the same special case as considered by 
dnderson. Still it was only the joint distribution of mj, m, and mj, and not the 
distribution of Wald’s classification statistic itself. Harter (1951) derived the exact 
distribution for the univariate case under the assumption that at least one of the 
populations has zero mean. For the multivariate case he showed HR an 
approximation could be derived provided the mean vector of one of the populations 
is zero and the dispersion matrix is estimated with a large even degree of freedom. 


In a previous paper (John, 1959), the author obtained the exact distribution 
of Wald’s classification statistic for the case where the dispersion matrix is known. 
Unfortunately, in that paper the assumption was made that there was no loss of 
generality in assuming nd = 0. In this paper, we remove this restriction. 


Since Wald made his suggestion other authors have come forward with other 
procedures. Of these, the one suggested by Rao (1954) was specially constructed so 
as to be most powerful in discriminating between alternatives which were close to 
each other. But in no case was the necessary distribution available. We obtain 


these distributions. Some remarks on the relative merits of these statistics are 
also included. 


2. NoraATIox 


We shall denote the two alternate popul 
that the classification procedure is based on 
fONOWS; 5 = (2, %p) will be supposed to follow the multiv 
both P; and P,. We shall assume that these tw 
sion matrix 2 but different mean Vectors, 
A = (PD, ..., AP) for P,. 


ations by P;, and P,. It is assumed 
P characteristics x, 22, ..., Ln. In what 
ariate normal law in 
0 distributions have the same disper- 


AD = (PD, ay BYP) for P, and 


Estimates of ud and A are required later. (We are, in 


this paper, 
assuming that >is known). If af (0 =! 


12s Ny; t= 1,9, ...,P) is random 
sample of Nj; individuals from P, and x? (% = lian Nos; 3= 1, 2,50 DP) i5 a sample 
of Ns individuals from P;, 
00 = (3D, 2), (1) 
2(2) — (3(2) 7=(2) a2 
and RB is 52) 
I by 
২ °C ~ (2 
01) ge (2) > Fy 
where ঢা = 5 and at EE 
hoch! N 9 


can be used as estimates of pi and put respective 


ly. 
510 
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ON SOME CLASSIFICATION STATISTICS 
3. WALD'S CLASSIFICATION STATISTIC 
In the notation developed above, the statistic suggested by Wald is 
U(2) = (3 _FM)sw. | a 08.) 
Using this statistic we may set up a classification procedure as follows : Determine 


it constant d; such that 
Pr(U@) <dijeeP,) =, «< (3:2) 

and a constant dy, such that 
Pr(U() < dle e Ps) = «2. + (8.38) 
betel Hoe 2» Are—vwill be made clear below. Assign the individual to P; or Ps 
< min(d;, ds) 


Uo) 
> max(d;, ds) 


(3.4) 


pted, the chance of misclassifying an individual 


Tf this 5 Ss = 
this classification procedure 1s ado 
he chance of misclassifying an individual from 


fr ; 
om P; will not exceed «i; 50 also t 


Py will not exceed a. 

< ds, or ifds <di and ds < U(x) < di, we will not 
P; or Ps. Tn the first case the individuals who 
there is a suspicion that they came neither from 
In the second case the individuals 


y both Pi and Ps. 


Tf ad, < ds and d, < U(x) 
classify the individual as belonging to 
are unclassified ave those about whom 
P, nor from Ps; but from some other population. 


V i § imed b 
Vho are unclassified are those who are claime 
ndeterminacy, Wwe may adopt the 


to have 2 region of iv 
0 P; or Ps; according 28 


If it is preferred not 
dividual as belonging t 


Procedure of classifying the in 

Ue) £ UGE +2). (3.5) 
a 

inds involved in this procedure can be assessed with 


Hs 
he chances of errors of the two k 
btain below. 


the help of the distributions which we 0 
Jassification statistic. 


We shall obtain 
from Pi: its 


The distribution of the 


The distribution of Wald’'s ¢ 
ly! is requirod. 
at t Came 


the distribution- of this 


Statistic (3 

Stl¢ (302) _ 20d) D3 

Lists sstnibution for 2s fr 

pe under the assumption th distributior from 
2 cnn be obtained similarly. 

Rh ons EE DE we prefer to consider the statistic 

3 RE" 

i সং. (3.6) 


» (NN) 
T=2 RN 


EE) 
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(NN) 


Put EA Be 


(3020) 4 ae (BT) 


where A is a (pXp) matrix such that A'S 4 = I. 


Then 
= Dp Dp p i 
T = 20u =2 ডি uivi= 3 2 (0i+u)2—3 2 0-1)? = 1—w (say). ... (3.8) 
i= i=1 i=1 i 


t and w have independent noncentral chi-square distributions, in each case with degree 
of freedom p but with noncentralities given respectively by 


Ai = fc and Ao= td === (3:9) 
where c = UOL(NT LLNS Hp pd) (3.10) 
and d = UD_(NTILNE Hp pu) == (8.11) 


The joint density of t and w is 


F(t, w) f 
= IG e M—hs 5 5) a 9-1-5 AY As rt 
t=0 t=0 11! ME (ES 


= HP+ET-2)/2 y(D+28-2)/2 g—(t+0)/2, 


3.12 
Hence the density function of T is given by | k 


AT)dT = || ‘| FU, w)dtdw. see (BLS) 


{ T<t—-w<T+aT 
On simplification this gives 


AT) = 2-0 es 5 ড় 207s A AS prts+p-2)/2 


20 20151 [2 Wi (TT > 0) ... (3.14) 


7-8 "+s+p—1l 
where i তব 1 == 2 ই (8.15) 


and where W’;,,(T) is Whittaker's confluent hypergeometric function defined by 
rH m0 


Vi ,(2) = Tn Ty | eA (J pynl-s Gt. + (8.18) 
IfT<o, 


wo ow ts 27 
= BP hp —Ag ডর = i 7. 84+-D—' 
AT) é rio (PEE) CDetron Won). (319) 
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4. ANDERSON'S CLASSIFICATION STATISTIC 


In this section we consider a statistic suggested by Anderson for classification 


purposes. In our notation this statistic is 
= (7%(2 ‘ 1 (2 = —1z T 
0 = (32 —_50)5 tw — YB) (a 0). AI 
classification procedure are much the 


The steps involved in setting up the 
We determine two constants ¢, and cs 


same as for Wald's classification statistic. 
such that 
PHQ> clecePi)= (4.2) 


and PHQ < cole Ps) = 02 (4.3) 


&; and ws being respectively the levels at which the two kinds of error are to be 


controlled. Individuals are assigned to P; or Ps according as 


< min (ci, ¢2) 
4) 5. (4.4) 


> max (cy, 02). 
bability of wrongly assigning to Ps an individual 


Tf this procedure is adopted the pro 
bability of wrongly assigning to P; an indivi- 


from P, will not exceed &;; 50 also the pro 
dual from P; will not exceed «x. 


1 that we are abstaining from class 


Tt is to be noted ifying individuals for whom 


min (oy 02) < Qe) < max (c1, 02). (4.5) 
y both P; and Ps or individuals 


claimed b. 
nor from P; but from 


uals who are either 
ame neither from Pi 


These are again individ 
that they ¢ 


about whom there is @ suspicion 


Some other population. 
Tf it is desired not to have @ region of indecision the following classification 
dividuals to P; or Ps according 2s 


procedure may be followed. Assign in 
a 4.6 
95°. (4.6) 


procedure is equivalent to assigning individuals 


It is not difficult to see that this 


to P, or P; according as 
+ (4.7) 


Ue) UGED+E)). 


2 


p, if it is based on Q, the 
dure can be evaluated 
Jsewhere simple 


fication procedure is set u 
volved in such a proce 
yy, The author has given € 
abilities. 


In whatever way the classi 
Chances of errors of the two kinds in 
using the distribution of @ obtained belo 
approximations as well as exact expressions for these prob 
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Distribution of Anderson's classification statistic. We shall now obtain the 
distribution of Anderson's classification statistic for x's from P;: its distribution for 
x's from P; be obtained similarly. 

Since the steps involved in arriving at these distributions are similar to 
those for Wald’s classification statistic, only the final expressions will be given. 


2 = 4NNAN, +N) (NN 4N Ns) 0 4. (4.8) 
has the density function 
fF i 3(D-+-27) 5 1 (D428 
—2 (a—b)/4 o a sedilia 
2! = is nm Lalli Wi, (c2) (2 > 0) 
2 
Ae) = 
| elect 3 2 en ia 
L 2 {হক ) (75 লা (০2) (2 < 0) 
2 (4.9) 
where &= (I+), b=(1—-p)2. ce= (a--0)/2 + (4.10) 
= (N5—JN)(N, +N) -H4N N24 N+ NS]? +. (4.11) 
—M—A2 MAS os 
Cri = € NM —A2 ডা (4c)" (2+tr+s)/2 50 (4. || 2) 
Ai = HITPY ANNAN N32) -+—(N, 4- N24 N,N 5) 1262 s-: (4.13) 
Ag H1I—P)NNA(N 4 N2)---(N + N5--4N Na) 262 (4.14) 
5% (u®—pD)2-Upu® pn), (4.15) 


{ and m have the same meanings as before. 


It il easy to see that if N, = N;, z has the same distribution as T with 
Ay and As, given by equations (4.13) and (4.14) 


5. RAo0’s STAmSTIC 


Rao (1954) proposes the following statistic for classification purposes 


2 one 
R= টি UXT 20, —as) Uy-Iq" 
2 bbs 


(5.1) 
where a, = NANL+NS)2, 
ay =—N (N,N) 
b= Ni 4-NEt, 


65=1 T(NL+N5)-! 

U= t—(Ni50 4 Nz) N+ Ns)" 

T = 30 _z2), 
When JN, = J;, this is equivalent to Anderson’s statistic. 
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For later use we define 
d = Wj byda,-+as) "2. » "(G:2) 


Assuming that w came from P;, 


R= 8 ANNTN TN) +UETR +. (8.3) 


e 2 
aia 


to 


has the same distribution as 2, with 


AE HLF NAN +NI ANN D+ 
HUHNE} a+ DP (8.4) 


Aa = HIP LNANITND) N+ Na+ 1 — 
—{HAN+N)™* +d} Ha,d)62 ... (5.5) 


B= [LHD L+H +N)™ +b] sa (5%6) 


Phe changes to be made to obtain the distribution of this statistic for x's 
shanges 


from P, are obvious. 


The distributions we have obtained are found to contain certain parameters. 
The distributions of Anderson's classification statistic and Rao’s classification 


statistic involve one parameter each. In either case it Ul ‘the ৰ পকা ক the 
two populations P; and Ps. On the other hand the El to hs e ্‌ E ন eae 
Pj, and P,. ‘This feature makes Wald's classification statistic Less @ i 

either Anderson's statistic or Rao’s statistic. 
cedure using W. 


That the classification proce EW 
point on its debit side. 


ald’s statistic is not invariant under 


Changes of origin is another 
ve parameters, how shall we find constants 
statistic and Rao’s statistic. The parameter 
hose Statistics is the distance 6 between 
f 6 > 6, the probability of 
vidual from P; as belong- 


bability of an error of the second 


as belonging to P;) shall not 
onstants Ci, Cs 


Since the distributions invol 
Ci, cy, di, dy etc? Consider Anderson ্ং 
Appearing in the distributions of either © , require that i 
the two populations Pi and Ps. We since an indi 
an error of the first kind, (i.e. of ba” +5 ্শ 
ng to P,) shall not exceed @%1 and also Ee ডলা সা! 
kind (i.e. of wrongly classifying on coli if we determine the ¢ 
ia i un inant SAL BEET Sl ihe Drobabilit 
ol rece এপ classification procedure thus Ee bd os al Ee 
inno: at 6 = 00" a g , evaluated with Lie ) 
ie eum that y্‌ E i for other values uf 6 can be eV alu 
‘Ors of the two kinds I 
- distributions obtained in this papel. 
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A discussion of further problems of a similar 
later paper. 


[ Parts 3 & 4 


nature will be included in a 


I wish to thank Dr. C. R.. Rao for his careful perusal of this paper. 
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1. INTRODUCTION 
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particular field of application I propose to 
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ted of its 
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The subject is not, therefore, without those controversial clements which 
are perhaps necessary for the proper development and refinement of techniques. 


It must be remembered that a tool, although it may figure prominently for 
some time in literature, will condemn itself if its application is subject to severe 
limitations or if its practice misleads the research workers. Introduced and developed 
by pioneers like Galton, Pearson, Fisher and Mahalanobis for application in biometric 
studies and by Spearman and Hotelling in psychometric studies, 


multivariate analysis 
has now evolved itself as an essential scientific aid in 


applied research. 


2. MULTIVARIATE ANALYSIS AS TECHNIQUES OF PREDICTION 


In order to emphasize the practical importance of 
I would like to introduce the subject as essentially 
for predicting one or more what we may call crite 
of others known as predictor variables (BF): 


multivariate analysis, 
a body of techniques to be used 
rion variables (c.v.'s) with the help 


The criterion variables may have nominal, 
measurement and they may be observable or 
variables may have nominal or interval 


ordinal or interval scale of 
hypothetical, while the predictor 
scale (see footnote 2), 

The general theory of regression subsumes, as a 1 


ule, all prediction problems 
but differences exist 


in the computational procedures for different situations 
distinguishable by the scale types of criterion and predictor variables. Chart 1 shows 
the different possible combinations and, wherever available, the statistical terms used 
to describe the computational procedures.! 


CHART 1. MULTIVARIATE ANALYSIS AS PROCEDURES FOR PREDI 


scale of criterion variables 
scale of — — — —-— = bid 
predictor interval 
variable nominal ordinal — — লক 
be Observable hypothetical 
nominal nj geney ? least square latent structure 
ables theory unalysis 
interval fliscriminant ? multiple genetic selection, 
unction | regression factor analysis 


1 Lubin (1950) considered the twe Possibilities, quantitative and qualitative for each of predictor 
and criterion variables. 

£ Measurements are generally classifiod into four distinct Scales. Numbers, names or ‘other 
Symbols used simply to classify an Object, person or characteristic Constitute a onal or a classificatory 
scale. The only relation that can exist betwoen elements o lb iy 
various elements can only be identified as belong Tf besides equivalenco the rela- 
tion > holds between the identifying symbols, Nh de poaeibio in HE oe ) 
ment is said to be on an ordinal or ranking scale. If between measurements o. 4 
able distances can be defined we have an interval scale An interval scale furth 


the measure- 
1 an ordinal scale compar- 


n is called a ratio scale er having a true zero point 


i) South Indian, (ii) Under 
and (v) having 12 
2 ale, (ii) on di 3 

hierarchy). (iii) on an interval scale, and (iv) and (v৮) a N DETEG 


scale (in government 
i ৰে. CASur' at 2] 
also belongs to an interval scale and the statist ical pro MBN t, c8lio noale 


n this paper arc same for both. 


k For example if my friend is described as ( 
Secretary, (iii) four inches taller (than I am), (iv) weighing 98 ibs. 


5 2 by childr we 
have 5 measurements on him of which (i) is on a nomi. hildren. then 


Am: 
cedures described i 
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For ys SALONS ট 
eo or the combinations where question marks are placed there appear to b 
0 standard statistic: i a bw ঢ 
Iard statistical methods, although such situations are sometimes met with i 

8 h in 


Dractice (see secti T of this i i 

|! (see section 7 of this paper for a discussion of the ordinal-interval combination) 

Tt is not suggested that other possibilities do not exist, such as using mixtures 
g mi S 


of inal i g i i 
nominal and interval scale variables or even using an ordinal scale variable for 


The scheme indicated in Chart 1 is.adopted only as a suitable 


some of the different procedures available in the literature 
a given combination of p.v. and C.v., @ particular 


predicting a e.v. 
framework for discussing 
[ft must be also mentioned that for 
method indicated is applicable only in some special situations. 

. T shall consider the various methods mentioned in Chart T one by one, briefly 
review the present position and make some suggestions for further refinement of Fhe 
Two of the methods, contingency tables and least 


method or enlarging its scope. 
1 no further discussion in the present context 
D 


squar 01 
juare theory, ave well known and neec 


3. MULTIPLE REGRESSION 


(C.V.'S AND P.V‘'S OBSERVABLE ON INTERVAL SCALE) 


The theoretical development of the subject of multivariate analysis originated 
with the concept of regression, introduced and used by Francis Galton (1889) in his 
famous study of natural inheritance. Establishing 2 linear relationship between the 
e of the Mid-Parentst he came to the following 

for many other characteristics. ‘Sons ao 
when they are mediocre... The 
ore rare will be his good fortune 
although it is true that children 
children of @ mediocre pair... 
likely to be as gifted as the 
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aver 5 
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¢ ২৭ ll 
onclusions,® which can be equally true 
1 Mid-Parents except 


d by Nature, them 
dowed as himself... 
to be gifted than 
ifted pairs is not 
mediocre pairs. 


not on the average resemble thei 
RG: bountifully the parent is gifte 
if he begets a son who is as richly en 
a gifted pair are much more likely 
The ablest of all the children of a few § 


ablest of all children of a very great many 
that an exceptional man is more 


Who are nearly mediocre is 50 preponderant, 
ptional son of mediocre parents than the average son 


frequently found to be the exce 


of ver 3 ’ 
very exceptional parents. 
(who provided an exact 


ting a variable utilising 
this method is applied 


dny Yule, and BR. A. Fisher 
gression for predic 


e concept of re 
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Karl Pearson and U 
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which is very important for an agricultural country like ours. Gilbert Walker (1914) 
was able to establish a good correlation between total rainfall in India with preceding 
weather conditions outside India. The regression equation given for this purpose in 
1910 was 


Monsoon rainfall in India = —0.20 (snowfall accumulation) 

‘—0.29 (Mauritius pressure) 

+0.28 (South American pressure) 

—0.12 (Zanzibar rainfall). 

which, as you may observe, has some baffling predictor variables. The real test 
of a regression equation is its performance, i.e. ‘waiting and seeing its behaviour.’ 
Or alternatively, if we have a long series of observations, say, over time, on all the 
variables, we may construct a regression formula using the earlier figures, and examine, 
in the rest of the series, the difference between observed values of the criterion variable 
and the predicted values from the regression function. When the agreement is good 
in some sense, a single formula may be worked out from the whole series. If not, we 
may have to look for other variables which may be changing over time and affecting 
the series. of figures and whose inclusion might improve prediction. Such an analysis, 
which the meteorologists in India successfully used in examining the performance 
of the prediction formulae, serves the additional purpose of convincing the applied 
Worker of the validity of the technique. It is worth undertaking it specially in 


situations where the observations are taken over time or space or in accordance with 
some other factor. 


Application in sampling Surveys (Double sampling). An important use of 
multiple regression is in sample surveys where the Object is the estimation of an average 
of a characteristic y in a population, by sampling for a number of related and easily 
ascertainable characteristics ti, 2,... . When the regression of Y on the related 
characteristics is unknown, a relatively small sample may be examined for all the 
characteristics to estimate the regression function. If Y = abit, bt24-... is the 
true or estimated (on the basis of a preliminary sample) regression equation and tj, ty-.-. 
are the estimated mean values of 2, 2, ... based on a larger survey using any design, 
then the estimate of the mean of y is af bit, + bata... Mahalanobis (1941) used 
this technique in forecasting fhe yield of cinchona bark by taking concomitant 


Messurements'on'stonding nets; SUCH Bs their height, ginthand thickness of the trunk at 
specified heights. 


Estimation from fragmentary data. Rao and Shaw (1948) used the regression 
of cranial capacity on length, height and breadth of skulls to show that smaller skulls 
have a greater chance than bigger skulls of being recovered intact in excavations of 
old burial grounds for skeletal material. This Suggests that the average cranial capacity 
of well preserved skulls underestimates to some extent the mean value for the sleeletal 
population as a whole. Concomitant measurements such as length, height and breadth 
which could be taken even on broken skulls would provide, by the regression technique, 
a more representative estimate of the mean cranial capacity. 
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Nelcction problems (single stage, single and differential predictors). There is a 
group of problems such as industrial selection (recruitment for different jobs), admission 
of students to universities and institutions for higher education, vocational guidance, 
psychiatric sereening of military recruits, selection of high yielding plants, ete., where 
ven quota of individuals with the 


the regression technique enables the choice of a gi 
ariable expressed in money terms. 


maximum expected ‘payoff’ which is the criterion v' 
A very general formulation of these problems is as follows. 


, tp) represent the Pp.Y'S and J, Ys 0 Ys the payoffs corres- 


Let x = (aj, ... 
The regression of y; On x is denoted by Rilx). Let 


ponding to » criterion variables. 
us find a region w in the space of x such that 


| dAF(x) = & (given) (3.1) 
uw NN 

| yi dF x) = | Ri(x) dF(x) > ti (given) a (82) 

wi bi 

ds By say OES = 
and || Ri(x) dF(x) isa maximum. (3.3) 
uw 

By an application of the Neyman-Pearson lemma, we find that w is of the 

for i 
ios Ra) 2 ack oxBl ese toll) (3.4) 


in which case the equations (8.1, 3.2, 8:8) faduoe bs eo 


gyldos 2: sea dt) = |! 
La) 2 0p = 2 l = ১০" (5০৬) 


giles 9° 
gqildos On ap) 35 a maximum. “) 
is thon @ programming problem generally non- 


i ge 
ces Op in (3.2) are replaced by equalities 


Ti 
The determination of do, ds - | Hh 
the inequalities 


linear in nature. Tf, however, 
a 


are determined from the equations 
jp 8 


then the coefficients do, ds 
goldo: (gs al = | . (816) 
+= 2, hb. 


plem of selecting on the basis of 
the expected 


; 10 
Ke tion t0 the P she 
a formal Eo s0 28 tO maximise 


We thus have 
i ines ‘in the long run, ৰ 
P.v.'s a given quota of individuals 2 istic, subject to the condition that the expected 
i SCE alues. If there 


less than preassigned v 


are not 
duces to (Cochran, 


Payoff with respect to @ cert bet 
acteristics 1951; Roy and 


payo iy z sr Char 3 
yoffs for certain othe! election rule re 


are no restrictions such as (3.2) the 8 

Mitr 

Titra, 1954) R(x) >a: 
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An alternative problem is that of selecting individuals for different 


criterin, 
in given proportions, so as to maximise the total payoff. Let «,,%5,... be the 
1 ত 

proportions for various criteria. The problem is to find regions w,, ws, ... 50 as to 
maximise 

|| R(x) F(x) | R(x) dF (x)... 

wy Wy 
subject to the conditions 

[ arc) =, | BFE) = Sys co b sic WI 


wi; Wy 


Using a generalisation of Neyman-Pearson lemma (R 


a0, 1943a, 195la) the regions 
are found to be 


wi: Rie)+A2, > BR()2,, j= 1,2,... = (8:8) 


where 1, As, ... are determined to satisfy the equ 


ations (3.7). 
‘The solutions (3.4) and (3.8) are v. 


alid only in the long run. In practice one 
has to select from a given number N of applicants, on whom values of the P.V.'s ean 
be ascertained. Denoting by 2;;j the expected value of the t-th c.v. given the p.v.’s 
of the j-th individual we consider the payoff matrix : 


Individual Expected payoff for the 


no. criterion variables 
b Ry Ro... R,, 
i 


Riy Ry... Ry 

If 7 individuals are to be chosen to maximise the sum of R 
that the sums of Ry,..., Ri) are not le 
is to choose the i-th individual 


1m Subject to the condition 


5S than preassigned values, the selection rule 
if and only if 


Ri > UF asRei-L... aR; (3.9) 
where ag, 49, ..., 4, are chosen to Satisfy the stated restrictions on the sums 
is a problem of linear programming. It ma 
which case the conditions have to be a 


, which 
Y be possible that no solution exists, in 
Itered so as to make them consistent (yield a 
solution: for ag, ds, ...,d;), or the constants as determined by equations (3.4) in the 
‘long run case’ may be used, choosing 4 = n/N. 

If the problem is one of differential prediction 
N applicants into s groups of nj, ng, 
individual is assigned to the j 


(Brogden, 1951) i.e. of dividing 
ত (3 individuals for the s criteria, then the i-th 
-th criterion if and only if 


Rith > Rid f= 1, 405 (3.10) 
where Aj are chosen such that the procedure (3.10) 


for the various criteria. This is again a, particular 
a simple geometrical solution exists in the case of [7 


leads to given numbers of individuals 
Case of linear Programming; however 
hree groups (Rao, 19532, P-328) 
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One important problem to be considered is the estimation and test of signi- 
ficeance of selective efficiency? of the p.v.'s for a criterion variable y1 when some 
restrictions are placed on the expected values of other c.v.'s in the selected group. 
‘This problem has been recently solved by the author and the results are being 
published. 


Nequential (multistage) selection procedures. All the P.V.'S may not be avail- - 
able in a single stage, at given point of time. to decide on the selections. It may 
sequential method. At each stage when a fresh set 
of p.v.'s is available we may, in any individual case, select, reject or postpone decision 
Lill further observations are ubtained. At the last stage when no more p.v.'s are 
intended to be observed there are only two possible decisions, viz., selection or 
of selection results in considerable economy 


's at subsequent stages is confined only 


be convenient then to adopt a 


rejection. Nuch a sequential procedure 
as the cost of obtaining information on the p.v. 


to those provisionally selected at the previous stage. 
|; 


a sequential procedure we may use certain quotas of selection and 
We shall consider the simple, but important case of two- 
Stage selection, where, in the first stage a given proportion of individuals is provisionally 
se provisionally, accepted another given proportion 


further information. 


rn «f° Py 
lo specify 
rejection at ench stage. 


accepted and from among tho 
is selected at the second stage, by using 
age p.V.s by x = (ty, 23, ..) and the second stage, 
by u = (u,, uy, ...). ‘The proportion to be selected in the rh stage i” f and both 

= IH uw, denotes a region in the x space for finstistage selection, 
and u for the second stage selection, and R(x, u) 
then the problem is to maximise 


(BLL) 


Let us denote the first st 


Stages together is &. 
tw, a region in the product Sp 
ssion of the criterion V 


ace Of Ww; 


i rj and u 
is the regr ariable on x ’ 


f Rx, u) dF(x, u) 


Wy 


Subject to the conditions f 
f dF(x) = B and  f dF(x, u)= 4 
bh ws 

i . . 

defined by R(x,u) > A where x 6 wi, 80 that if w; is given, 

efi 5 ar io) 


It is easy to see that ws is 
For given A let 


1 is completely specified. 


9.12 
f Rx, u) F(x, 2) = (8.12) 


f fotze, 2) dF() 


bs + sam) =d, TIED = us (BIG) 
l = fie, 0) dF) = % a 
J aft uh J bi 
, i are 
Then the best choices of wy Ws ion EINET Ll 


on fe, ©) 2afite NF (8.14) 


J 


! A 
wi SRG) 2 লাল) 
i Ee in the mean value of tho selected 
hie EEE Ture is defined as the increase 
টে 0 CC 
1 Seloctive efficiency of @ Pr lu 
টু sloction. 
Stroup over that in the case of random selo 
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where a; and «ap are determined to satisfy the equalities (3.13). We can then choos 
A to maximise (3.12). The actual solution is thus extremely complicated although 
some simplification is possible when the variables have a multivariate normal 
distribution. Cochran (1951) suggested the 1egions 

w,:R(x)>/0, w,:Rx,u)>A 


which, no doubt, lead to a simple procedure of selection. but differ considerably 
from the optimum solution (3.14) as may be expected. 


As in earlier problems, if to begin with there are N individuals providing 
information on the first set of p.v.'s, n, are to be provisionally accepted at the first 
stage and 1, are to be ultimately selected, the solution is the same as in (3.14), except 
that the constants are determined such that the procedure selects only the specified 
numbers of individuals, n, and nj», at the two stages. 


Formal solutions may be obtained for other sequential procedures, but the 
computations needed would be extremely heavy. 


Prediction in a stationary series. In the examples considered carlier a quali- 
tative distinction could be made between the P.V.'s and ce.v. in that they represented 


the measurements of different characteristics. But this need not be so as when we 


would like to predict the price of rice next month on the basis of the prices in the 
previous months, or the height of the next individual to be dr 
previously observed heights of a number of individuals dr 
same group, or the number of defectives in a sample of 
lot of articles supplied for inspection on the basis of knowledge available from the 
previous lots. In all such cases the DP.V.'s are what have been observed in the past 
and the c.v. a future observation on the same characteristic. The problem is, in 
general, that of estimating the distribution function of future ob 
some characteristic of the distribution such as the mean, or approximations of given 
functional types to the mean etc. Satisfactory solutions are available by the method 
of Fiducial Probability (Fisher, 1956), in situations Wwherc the conditions for its appli- 
cation are satisfied as in the problem of predicting the height of the next indi 
to be drawn, or the number of defectives in a s 
large sample methods are available. 


awn from a group given 
awn at random from the 
a given size from the next 


servations, or simply 


vidual 
ample from a given lot. In other cases 


An important application is prediction in 
in economic, scientific and technological investigations such as the prediction of future 
price, meteorological forecasts, random noise in communication theory, turbulence, 
storm-generated ocean waves etc. There is considerable literature on the subject 
originating with the works of Kolmogoroff (1941) and Wold (1938). ‘The problem 
is one of fitting a linear regression function of %,, the variable after time h, on a 
large (theoretically infinite) number of previous variables SE OE 
methods are not applicable as the inversion of 
is involved. It is, however, possible to obtain 


@ time series which constantly arises 


Traditional 
an infinitely large covariance matrix 
& prediction formula involving an 
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infinite number of previous variables, which could be used as an approximation when 
able. under some conditions on the underlying stochastic process. 
is stationarity or weak stationarity which specifies that the 
covariance between x, and 2, is a function of the difference (7--s) only. For other 
conditions and detailed computations reference may be made to the bool: on stochastic 
processes by Doob (1952). Recently Wiener and Masani (19538) generalised the results 
to multivariate stochastic processes. In particular they considered the simultaneous 


prediction of a variable at a number 


@ large series is avail 


One main condition 


of future time points. 


ANT FUNCTION AND DISCRIMINATORY TOPOLOGY 


4. DISCRIMIN 
NAL AND P.V.'S ON INTERVAL SCALE) 


(e.v.'S ON NOMI 
t function arose out of a procedure suggested 


The theory of the discriminan 
ccording to sex of the owner. 


by R. A. Fisher for sorting a collection of jaw bones a 

The problem is one of predicting sex male or female) of the owner in each case from 
1 1 5 

aw bone. In sucha situation, the criterion variable 


a munber of measurements on the j 
edictor variables may have an interval 


viz., sex, has only a nominal scale while the pr 
scale. 

solution was supplied by Welch (1939) in the case 
of two alternative populations. Let 
obability densities for x in the two 
ividuals of the two populations. 
on conditional probabilities we find that the a 
asuiements x to belong to the first 


) and fsx) respectively. To 
assign the individual 


‘The formal mathematical 
of classification of an individual into one 
X= (t,%2 ...) denote the p.v.'s and fx), fal) the pr 


populations, and ri, Ts the relative frequencies of ind 


By applying Bayes’ theorem 
an individual with me 
proportional to LENE 
Bayes solution is to 


posteriori probabilities for 
and second populations are 
minimise the errors of classification the 


to the first population if 
(4D 


mifi(x) > Tall), 


and to the second population if 
49 
Tafax) > Ti fi(x), se 2) 
od in the case of equality. 


y be follow 
wrong decisions and 


the losses involved in 
for the monetary returnin classifying an 


population, then the regression of the 
with measurements 2x 1S classified as 


and any random assignment ma 
if necessary: 

TE ty stands 
ation to the j-th 


We can consider, 
minimise the expected loss. 
individual of the i-th popul 


In) W an individual 
payo . ary gain when an Inc j ents ais classic 
a কী লাব lain is proportional to (using a posteriori probabilities) 
| ber of the Hrs? at. 
ণ (4.3) 
rufa) Faas 
3 dy Ghor ane proportional to i 
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Sion), 


Following the concept of differential predictors of Section 3 (multiple res 
where an individual is selected for a job where his expected payoff is a maximum, 
the individual is assigned to the first population if (4.3) > (4.4) and otherwise to the 
second. 


The extension of this solution to classification of an individual as a member 
of one of several alternative populations is again a simple application of Bayes’ 
theorem and regression function; explicit solutions are given in (Rao, 194Sa, 1950, 
1951la, 1951b, 1952). 

Although the formal solutions are simple there are a number of practical 
difficulties in their application. We shall consider a few examples and examine how 
the problems are solved in practice. 


Differential diagnosis of neurotic states. Diagnosis of different types of 
neurotic diseases such as Anxiety state, Hysteria, Psychopathy, Obsession, Personality 
change and absence of any abnormality is extremely complicated in practice. Any 
mechanisation at least in distinguishing between states not close to one another in 
mental deterioration will be useful.” A number of psychological tests administered 
to patients, previously classified into these states, showed differences in the response 
patterns and threw out the possibility of using an individual's response pattern in 
differential diagnosis. Using the estimates of their mean values, and variances and 
covariances the probability density of the test SCOres, Say, 2), t2,..., for any neurotic 
group or a normal group can be computed. The relative frequencies of these patients 
and normal individuals coming for diagnosis will also be available from past experionce. 
We thus have all the pre-requisites for an application of the discriminant function. 
Rao and Slater (1949) showed that a routine application of the method involves the 
computation of a linear discriminant score on an individual for each of the possible 


categories and assigning him to the category with the highest discriminant score. 


There are other clinical applications such 
two types of Jaundice, one of which needs a medical treatment and the other SUrgery. 
It has been found that two biochemical tests carried out with ver 
a discriminant function for classifying the p 
discriminant function can thus provide 


coming to decisions. 
It is not suggested that other observations of diagnostic value should not be talon. 
It is only claimed that in routine wor 


! Kk where the resources enable only a limited number 
of tests to be carried out on an individual there exists 


minimises the errors of misclassification or 
to different types of wrong classification ce 


as the discrimination between 


v little expense provide 
atients into one of the two groups. ‘The 
an objective criterion for 


an optimum procedure which 
the overall risk if magnitudes of risk due 
an be specified. 

Differential diagnosis, Doubtful region. 


a The procedure outlined above no 
doubt reduces the probability of 


misclassification to the minimum possible, but 
if this is large we do not have sufficient Assurance in individual cases. However 
1) hs J 


1 The solution (4.1, 4.2) refers to the Special casc where the payoff for correct classification is 


| and for wrong classification zero. In the gencoral case the Problem is essontially gh SHliegtnn of alto 
i a শ্ৰলাত ly a a 
progression and differontial prediction. ] 
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whatever may be the measurements available, it should be possible in some cases 
to come to a decision, subject to a small preassigned risk, whereas in other cases either 
no decision or only a provisional decision could be made. The latter comprises the 
doubtful eases which need further examination. The rules for such decisions can be 
formulated on the basis of the likelihood ratio as in the earlier problem. Details 
of such sequential procedures are given in (Rao, 1952). 

Classification of F ossils. In problems of discrimination such as sexing of 
skeletal remains or the diagnosis of type of Jaundice, the possibilities of identification 
However, where the external evidence is slight or 
al to one of two groups may be subject to 
e belongs to one of the two 
oup. Tn the absence of any 
of not accepting the 


are generally limited to two. 
equivocal, the assignment of an individu 
another type of error, Viz., the wrong assumption that h 
fact, he comes from a third mnknown gr 


groups when, in 
have to provide for the possibility 


definite knowledge, we may 
individual for either of the given groups. | 

Consider, for example, Australopithecus africanus, a fossil (consisting of the 
le skull. the jaws and teeth) discovered in Africa and des- 
There is considerable controversy (Dart, 
ki and Long, 1951: Yates and Healy, 
Comparisons are 


face, part of the base of tl 
cribed in a letter to Nature by Dart (1925). 
1934: Ashton and Zuckerman, 1950: Bronows 
1951) whether A. africanus is more ‘hominid’ than ‘anthropoid’. 
made. for this purpose, between the measurements of fossil teeth with those of men 
and the anthropoid apes. Bronowski and Long (1951) computed a linear discriminant 
function between chimpanzees and men on the basis of four measurements on teeth and 
found that A. africanus is not significantly different from men but significantly different 
from chimpanzees with respect to They concluded that 


the discriminant function. 
A. africanus is more hominid. The procedure followed is 


efficient only when it is 
Tnown that the fossil belongs cither to one of the two groups considered or corresponds 
Jues lying on @ linear 


An Va path (evolutionary ?) connecting 
d chimpanzees. We may, therefore, approach the problem 
hesis, which when not rejected by the data may justify 

On the other hand, 


coming to & decision. 
t to the discriminant function the 


1 respec 
different from the means of the two groups 


1 possibly belongs to a third group. 


values for the given groups and A is the 
tor of measurements on the fossil, then 
ion of x from one of the groups 


to some species with me 
the mean values of men at 
by first testing the latter hypot 
the use of the discriminant function for 
if this hypothesis is rejected, or if with 
measurement: on the fossil is significantly 
we have evidence that the discovered fossi 
je vectors of mean 
d 36 is. fhe ve6 
testing the deviat 


If pi, 2 ave tl 
common dispersion matrix an! 
the y2 on p degrees of freedom for 
with mean (say) It is 
(x—1)' A-Ux—/), (4.5) 


and this can be decomposed into two components 
(ct) AU og (4.6) 


ETAL HEE 
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the first with 1 d.f. corresponding to the deviation with respect to the ise nnant 
function and the other with (p— 1) d.f., to directions independent of the discriminant 
function. The second component x5 provides a valid test of the hypothesis that bait 
discriminant function supplies all the information in coming to a decision. Using 
the computations given by Yates and Healy (1951) for the length and the breadth of 
tooth and adopting a reasonable value of 0.3 for the correlation coefficient Bete 
length and breadth,! the value of X8% on (p—1) = 1 df. is of the order of 5, which is 
signiticant at the 5 percent level. This shows that (i) 4. africanus perhaps belongs to 
a third species, a conclusion which the multivariate test leads to more definitely than 
the univariate approach? of Yates and Healy (1951), and (ii) the use of the discriminant 
function alone, by which Bronowski and Long (1951) concluded that A. africanus 
is not significantly different from men, can be misleading. 


It may be noted that the y2 distribution we used in the problem of A. africanus 
is valid on the assumption that the mean values and the dispersion matrix of the two 
‘groups are well determined. The theory can, however, be applied even in small 
samples; the appropriate distributions in this case depend on the distribution of roots 
of certain determinantal equations. For the theoretical developments reference 
may be made to Fisher (1939), Hsu (1939) and Roy (1939). Associated problems 


and applications are contained in papers by Bartlett (1951), Rao and Slater (1949), 
Williams (1952) and others. 


Vocational guidance. In which of the vocations A, B, C,..., will an individual 
with given scores in a battery of tests have the maximum chance of being successful? 
Such. a problem is sometimes considered as one of discrimination; i.e., of classifying 
an individual as a member of one of the vocation groups A, B, C,..., using the methods 
discussed above. But the logical situation in vocational guidance seems to be slightly 
different. Our attempt should be to compute for any individual with given test scores 


the chances of his being successful in each of a number of vocations. He could then 
choose a vocation in which his chance of success is a maximum. 


Let p(x) be the Probability density of the test score x in the general 
population; p4(2) for those successful in Vocation A; p(x) for those successful in B and 


soon. If si(x) is the probability of success in vocation i for an individual with test 
Scores x, then 


Pix) oc plax)s(x), i= 4, B,... (4.7) 
Hence s;(2)  pilx)/pAsx), the likelihood ratio of the i-th voce 
population, so that if a number of individuals have to be order 
of success in vocation i we can use s(x) 


ation to the general 


ed by the probability 
Or pi(x) itself as an index. 


1 T have not been able to find out the value of the Sorsdlatioh aoethciont টাল 
(1951). The conclusion is not altered even if the value is much smaller than 4+0.8. 

2 Yates and Healy found that the fossil is significa, 
fwo measurements and from men only in one of the mea: 


ates and Hesly 


ntly different from chimpanzees in each of the 
Surements. 


# A vocation group is the group of individuals Who are successful in a particular profession 
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e vocations we need to know the constant of 


Fo compare si(x) over th 
Tf rr; is the ratio of those successful 


proportionality of s(x) to the ratio pilx)/Pslx). 
to the total number of persons in vocation t then 


s(x) = Tipilx)/pslx). #048) 
the vocations are proportional to 


If or, ave known. then the chances of success over 
atory analysis with Tr; 


csemble discriminant scores in the discerimin 


TipAx). which 1 
The vocation with the highest 


representing a priori probabilities of the various groups. 
chance of success is that for which ripi(x) is a maximum. 

‘Phe equation (4.8) provides @ satisfactory solution to the problem of vocational 
guidance if at least approximate values of Tr; are ascertained. ‘This approach differs 
in the concepts involved from those found in the literature on vocational guidance. 


Jlahalanobis’ D* and discriminatory topology. While considering the problem 
of classification of an individual into one of two given groups a question was raised 
regarding the extent to which errors of misclassification could be reduced by increas- 
ing the number of measurements. When the measurements follow @ normal distri- 
n (Rao, 1948a) that the minimum probability of misclassification 


bution it can be show 
jection of Mahalanobis’ distance 6 defined by 


using p characters is a decreasing fur 


Di} = XX did; 


f the i-th measurement for the two 


where 6; is the difference in the mean values © 
e to the dispersion matrix. The question posed 


groups and (x0) is the matrix invers 

5 ER 9 টী 
can then be answered by determining the limit D2, of Dp as p—?0. If D2, < %, there 
limit to probabilities of misclassification and therefore, not much 


is a non-zerot lower 
y increasing the number © 


gain results by indefinitel 
ti 5, therefore, 
distributions with infinitely many d 


f measurements. 


amine models of multivariate 


of great interest to ex 
alues of D2, between 


imensions and having finite V' 


groups. ] 
Let us imagine hypothetical variables M1 M2 all uncorrelated and with 
be denumerably infinite in number. The variables 


unit variance and which may | 
f major genes or polygenic systems 


may be thought of as the hypothetical effects 0 
ase they may be called genotypic variables. An observed 


(Mather, 1949) in which ct 
measurement t; may be considered as consisting of two parts, one determined by 
a ul প : 
linear combinations of the genotypic variables and another @ random variable, 
representing the effect of the environment. Thus 
2; = Saji; 


Theoretically the index t may belong to any set, denumerable or not, thus admitting 
to a continuous set of coordinates. 


" variables defined even with respect Labbe 3 J 
distribution of the variables, the probability of errors of classification 


3 2 
d that the limit is no 


1 Whatever may be the 


0 Di 00, but it cannot be sai 
ormal distributions. 


n-zero when D. does not diverge except i 
i Dp E' opt in 


tho special case of n 
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Let D2 be the Mahalanobis’ distance between two groups based on a subzet 
p of measurement x,. When the effect of the environment is the same for the two 
groups, it can be shown by extending the arguments used earlier by the author (Rao, 


1954b) that 


limit { supremum DP 


< ১6? 
P20 ( (over sets of p) | ls 


where 6; is the difference in mean values of the genetic variable 7;. We thus have 
@ sufficient condition for convergence of D2, Viz., 26f, the genetic distance betweon 
the groups be finite, which is true when the number of genetic variables in which 
the two groups differ is finite or when the differences in genetic variables, except 
for a finite number, are negligibly small so as to make the infinite sum of squares finite, 


The convergence of the genetic distance opens out the possibility of studying 
relationships among given sets of groups based on genetic similarity or divergence 
by examining only a few measurements. With a suitably chosen small number of 
measurements it is possible to obtain a good idea of the underlying genetic distance 
with respect to which a classification of the groups is sought. 


This line of work regarding classification of groups, originally introduced by 
Mahalanobis, has been fruitfully pursued by the workers at the Indian Statistical 
Institute and elsewhere and the methods developed have been successfully applied in 
@ wide variety of situations (Blackith, 1957; Karve and Dandekar, 1951: Mahalanobis, 
1928, 1930, 1936; Mahalanobis, Majumdar and Rao, 1949; Majumdar and Rao, 1958; 
Mukherjee, Rao and Trevor, 1955; Nair, 1952). 


General remarks. It has been generally assumed, in the derivation of 
the methods for discrimination, that the population parameters are known or 
estimated from a fairly large sample. Some appropriate procedures when parameters 
are obtained from small samples have been given by the author (Rao, 1954a). A 
deeper probe into this problem is necessary. In a recent paper John (1959) has 
examined the errors of misclassification for certain procedures taking into account 
the errors in estimation of the parameters. 


5. PREDICTION OF THE UNOBSERVABLE 
(HYPOTHETICAL VARIABLES) 


We consider here problems of regression when the c.v. has an interval scale 
but is not observable. For instance, when a bull or @ plant is chosen for further 
propagation, the c.v. is the expected performance of the progeny, which indeed is not 
directly measurable. Or we may like to grade a number of individuals with respect to a 
certain aptitude for which no direct measurement is available but which is reflected 
in the performance of an individualin a battery of tests. In such Cases we postulate 
the existence of some variables, though unobservable, and predict their values 
through @ study of their dependence on the Observable variables. 
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Discriminant function for genetic selection. When quantitative characters 
are involved. it is considerably difficult to select genetically desirable types in breeding 
work Deenuse heritable differences are to some extent masked by non-heritable or 
environmental variations. ‘The problem then arises as to what is the best indicator 
of the genotypic value of any individual line. Let (Yr, Ys, ...) be the genotypic values 
ics (like the annual number of eggs laid, the size of the egg, ete. 
..) the observed values of these characteristics on 


of certain characteris 
in the case of poultry) and (wy, 23, . 
an individual of a progeny; our object is to predict (Yr, Ya, ---) for a line from the 
observations on a number [: of individuals of the progeny. Assuming linear regressioh 
it can be shown that the prediction formula for Yi is of the form 


Vi লা a+ BEF. hpilp i Ri(z) eee (5.1) 


where 7, denotes average over k individuals of the progeny for the j-th character. 
‘The computations involved in the estimation of «; and the f# coefficients are discussed 
in a paper by the author (1953), where it was pointed out that the estimates depend 
on the sample size Ka -nilable for each line. To predict the genotypic values of 
different lines for purposes of comparison and selection it may be, therefore, necessary 
to use different sets of regression coefficients when the individuals observed for each 
This has not been explicitly mentioned in the literature 
ct (Rao, 1952). For instance, Panse (1946) 
situations where the numbers 


line are hot the same. 
including my earlier exposition of the subje 
and others used a single set of coefficients even in 
of samples for the various progenies are different. 

1e computational side which are worth stross- 
ing. Generally, what is needed is the prediction of a linear compound of hs Vyas 
: commercial value. If individual regressions Ri(®), 
(equation 5.1) are computed in advance, then it is easy to see that the regression 
equation for the linear compound (a; Yaz) is simply (aR) ash) --.)- 
Such a procedure, instead of directly estimating the regression of (ayy Fafa...) on 
2j,%...., has some flexibility in that it allows for an easy adjustment of the prediction 
function if it is desired to alter the comny to compute functions for 


different sets of commercial values. 


"There are also a few points on tl 


using weights according to their 


ercial values, or 


Ri(F) to begin with, which can be done 


Another advantage in obtaining bh ot 
lection index under 


without heavy computations, is in the adjustment needed in the se | 
| at selection should not alter the expected values of certain 
at 


Let us represent by (a, ¥) = [ayy Fae. -l 
and by (b, ¥), (6, Y); ... the other linear 
oe is desired. ‘The solution to such a problem of selection 
ৰ plication of the Neyman-Pearson 


Section 3 by an ap 1-Pe: 
a, R) = [aR aR) cl is the selection index 


x under given restrictions 1s & 


Some restrictions such as, th 
other genotypic characteristics. {2 
the linear compound we want to maximise, 
compounds in which no chan 
under restrictions is derived in 
lemma. It was shown that if ( 
for (a, 7), then the selection inde 


ty BRB —Nalt, Bees = (8:2) 
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where 1j, As, ... are chosen such that the covariances of (5.2) with (Db. R). (c, R).... 
are all zero. The equations for Aj, As... are 


cov [(a, B), (b, R)] = 2, cov [(b, B), (b, B)]--2s cov [(b, B), (Ce, RY]. 
cov [(a, R), (c, R)] = A, cov [(c, R), (b, R)]4-As cov [c, R), (c, R)]--... 


The procedure outlined above appears to be somewhat simpler than the application 
of formulae given by Kempthorne and Nordskog (1959) in the problem of restricted 
selection indices. 0 


General remarks. A straight selection function (at, Fass...) for the linear 
compound (ay, +as/24-...) is sometimes recommended when the extra computations 
involved cannot be undertaken or when the estimates of genetic and environmental 
variances and covariances are not very reliable or when there is very little extra gain 
by using the best possible index. An important statistical tool needed in this 
connection is a test of the hypothesis that the straight selection function is the best 
index. An exact solution is supplied when the genetic covariance matrix has rank 
unity, and only an approximate solution in other cases (Rao, 1953). Further 
research is needed in the solution of this problem. 


Another line of investigation which needs further research is the theory of 
, 
familial correlations obtained by generalising the univariate intra-class correlation 


to multiple measurements (Rao, 1945). The nature of the genotypic variables 


(1, Ys, -..) and its association with the corresponding observable variables on the 
progeny (x, x2, ...) can be studied with the help of familial correlations. 


Factor analysis. ‘The statistical procedures discussed in the previous sections 


are concerned with the best utilization of any given set of measurements such as the 
scores in a battery of tests in predicting a criterion variable. Given several alternative 
batteries of tests it is, however, possible by appropriate statistical analysis to choose 
the set which is most efficient for prediction. But the construction of alternative 
batteries of tests or the procedure for improving a battery of tests is itself a problem 
which has to be faced in practice. It is claimed that factor analysis would be of some 
use in this direction. Whether factor analysis by itself would be 


a proper guide in 
such cases is, however, a debatable issue. 


Further, it is said that for predicting a criteri 
extracted from test scores may be used. ‘This is clear] 
the test scores themselves would be better predictors. 


On variable, factor scores 
Y an inefficient procedure, for 


In order to understand how exactly factor analysis may be useful let us 
examine the problem as formulgted by the Psychologists. Ifzx,,..., 2, represent the 
test scores on an individual then the model Considered is 


== Uf... Panfitsi-e; 


(5.3) 
== 1 
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wliere Jf; hs St j= ar 

fis af os So Gt = Fis p) are all uncorrelated hypothetical variables, 

reprexzenti An Varig > 11 i Che i &, 

presenting a variable specific to tj, 6; a random error and fi, .--. fr, each of which Jas 
wu AS 

variables z;, representing common factors. 


non-zero coefficients for at least two of the 
Phe coefficients «;,, are unknown. It is easy to see that the correlations among 
EEE i 1 i চন ক 
are solely duce to the common factors which, as they appear in model (5.3), are neither 

3); ithe 


unioue nor operationally defined. We ean make any orthogonal transformation of 


the Factors and get a structure similar to that of (5.3). The problem differs in this 
iscriminant function for genetic selection where the hypothetical 


respect from that ot d 
As expectations of certain observable random variables. 


variables are defined 
f canonical correlations developed by Hotelling 


Making use of the theory 0 
(CFA) was given by author (Rao, 


(1036). a procedure called canonical factor analysis 

basis of the whole space of the common factors with the 
to explain the intercorrelations apart from sampling 
prediction of any element of the common factor space 
1s of the basis of the space (also Lawley, 1940, 1942). 


jn) for estimating 
minimum rank necessary 
errors. ‘This enables the Pp 
provided it is specified in tern 
If factor analysis is to be considered as a method of predicting a hypothetical 
common factor, it 13 applicable only in situations where (i) an external criterion is not 
defined, (ii) the criterion in which we are interested is an element of the common factor 
space and (iii) this clement is somehow identified and suitably specified in terms of the 
ctor space. There is nothing to guide us in the 


ng the common t 
analysis regarding (ii) and (i): the considerations have 


basis characteris 
Statistical technique of factor 
to be extra-statistical. 


6. MULTIVARIATE TESTS OF. SIGNIFICANCE 


formula in an 
ests of hypotheses concerning the rolation- 
on of unknown parameters. Typical 
s provide information 


a prediction y given situation involves prior 
a involving t 
and estimati 
Whether a given set of Pay. 
a given set of p.V.'S improves 


Phe construction of 


statistical analysis of past dat 
Ship between the p.Y-s and ¢.V.'8 
hypotheses to be examined are : (i) 
on the e.v.: (ii) Whether addition of 0 

rs and; (iii) 


the prediction of the ev. 


ther variables to 


Is a specified relationship between the pN.s 


and ex. true ? 
theses can be used in the 


roy testing linear hype 


t squares for 
Most of the multivariate tes 


ed under th 
] with W ishart’s 


ts developed have special 
discriminant functions. 


The theory of leas 

ation. 
e category of 

(1923) distribution of the estimated 
variances and covariances and Hotelling’s T? test (1931) and canonical correlations 
(1936) oa f js ics i ‘ced by Wilks (1932, 1946). Fisher (1939) broke 
936), some of whic h DRT ET E 

Hew ground with the jntroc ei “রা বস 0০ 
fy imilar test criteri 

of the configuration of mean vectors of as St criteria 

roy testing equality 


r (1939) f 
Roy ( ং cerning non-H 


iuultiple regression situ 


reference to problems consider 


statistics for 
umber of populations. 
of variance-covariance matrices of 


1] distributions ave by 


Tucetion of t 
an 


Were developed by 
t * hn apers Con 

two populations. "wo import papers 
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Fisher (1928) on the multiple correlation coefficient and by Boxe and Roy (1933S) on 
Mahalanobis: D?. Approximations to complicated distributions of some multivariate 
test criteria are given by Bartlett (19392), Box (1949), Rao (194Sb. lL95lc). J. Roy 
(1951) and others. 


The problem of testing improvement in prediction by the addition of more 
predictor variables was examined by Rao (1946, 194Sb, 1949) generalising a text 
proposed by Fisher (1940) for a hypothetical discriminant function (also Bartlett, 
19396, 1947). For further contributions useful in the general study of problems 
considered in the present paper reference may be made to books by Anderson (1953). 
Kendall (1954) and Rao (1952). Applications of multivariate tests are also contained 
in other papers by the author (Rao, 1954c, 1955b, 1956, 1953). 


Multivariate tests are sometimes criticised on the ground that they are 
designed to test only overall differences, which are difficult to interpret, whereas the 
main interest often would be in examining individual differences in a few specified 
cases. It is argued that since univariate methods are admirably suited to the latter 
purpose, there is no need to indulge in the luxury of more complicated techniques, ov 
to carry out a test which can detect differences of any sort and provide a logical basis 
for interpreting the individual differences. 


It is, however, a wrong attitude to take that data should be examined only 
for the specific purpose for which they are collected, or that data collected should 
be just sufficient to answer problems of immediate 
mental to scientific progress. 
data can insure the resear 
statistical tests 


interest. ‘This is surely detri- 
Only an elaborate analysis and more comprehensive 
ch worker against possible pitfalls in the interpretation of 
and, what is more important provide clues for further investigation. 
The history of science tells us that several new discoveries made on the basis of 
supplied by observed data were not envisaged by the investi 
collection. 


evidence 
Gator at the time of data 


7. A FEW OTHER PROBLEMS FOR RESEARCH 


Nominal c.v. and nominal p.v.'s. Consider the problem of discrimination of 


three types of beetles, E,, Stigma, Ls Punctata and B Implicat 


a“ on the basis of 
absence or presence of spots in each of 7 


well defined positions on the thorax and/or 
14 positions on the wing. If the presence of a Spot is scored 


‘0° arbitrarily, the scores of an individual can be represented 
where each a can take values 0 or 1 with the order representing the positions. If the 
theoretical frequencies of the 2° possible vectors (aj, as, ...), in the case of 7 positions, 
are known for each of the species and if the relative abundance of members of these 
species is specified, then the Bayes solution can be used for discrimination. A major 
difficulty in this problem is the estimation of the frequencies of the 27 — 128 combi- 
nations for each of the species from a preliminary sample. Since the number of 
unknowns is very large, 128 in the present Case, no reliable estimates can be found 


as ‘1’ and absence as 
4S a vector (aj, 42, ..-) 
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without making any assumptions. Bahadur (1956) and Lazarsfeld (1956) have 
suggested different types of approximations to the theoretical frequencies involving 
the estimation of fewer parameters. To what extent these approximations are 
adequate in practical problems has yet to be examined. 


Ordinal c.v. Suppose it was possible to obtain the scores in a battery of tests 
together with a ranking in performance on a particular job of a number of individuals. 
How can this information be utilised to predict the ranks for a fresh batch of indivi- 
duals knowing only the test seores? Tf the underlying c.v. and the predictor variables 
can be considered to have a multivariate normal distribution, then it may be possible 
ion function apart from a constant by first estimating the 
from the given data. The expression for probability 
of the observations is extremely complicated and therefore the method of maximum 
likelihood may not be practicable. Some simpler methods may be explored. Another 
procedure is to quantify the ranks by substituting for the observed i-th percentile 
rank the corresponding theoretical normal deviate. With such quantities for the 
c.v. the multiple regression method may be applied. No reasonable solution seems to 
about the distribution of the underlying ¢.v. 


to construct the regr 
necesssary unknown parameters 


be available when nothing is known 


A closely related problem is the estimation of the regression function when 


only the ranks of the predictor variables have been observed and the c.v. has been 
Assuming @ multivariate normal distribution for all 


measured on an interval scale. L 
be possible to obtain reasonable estimates of the 


the underlying variables it may 
regression parameters. 

interest is the estimation of structural relationships from 
ith specified or unspecified distributions. A closely 
ation and allometry, where a straight 
more variates. Contributions 


Another problem of 
observations subject to errors Ww 
related problem arises in the study of organic correl 


ine i i i { two or 
line is fitted to show the relationship between j 
by Teissier (1943) and Kermack and Haldane (1950) have led to a proper understanding 
f ৰ ম্‌ the difficulties involved in statistical estimation and tests. Some 
1 ১ 


of the problem a a 
he problem a ms have also been suggested by Kermack and 


applications to paleontological proble 
Haldane (1950). 


i y cen on individual 

Often observations are taken fron f i 

they be used to recognise that the sampled population 1s possibly a mixture of several 
Pioionee I estimate the parameters of each of the groups as well as 


H ixture? Karl Pearson solved the problem of 

th ti AC Loup is to the mix BI K L 

strani at oe is of two normal distributions with different means and 

4 তম 48) nd Rao (19488) worked the procedure for equal variances, 
ariances. Poti (1943) # a 


i ic instead of a nonic 
in whic t Jution depends on 2 root of a simple cubic ন ৰ ir it 
which case the sofut Vl! to develop Statistica. 
equation which arises in Karl Pearson's problem. There 1s 5 চ EE 
% Which arise: IX [0) nree more 
f° mMIXtUres 
merhods for estimation and tests 


of significance fo l 
The need is somew. hat acute 
Populations and also of non-norma 
Considering the fact that 


s data collected refer to a 
heterogeneous population. 


1s from mixed populations. How can 


homogeneous groups and to 


l populations. 


in most field investigation: 
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T am grateful to Professor J. B. S. Haldane for pointing out xome problems 
which are analogous to those under discussion and which cannot he directly solved 
by methods discussed in this paper. One problem is the estimation of the frequencies 
of different genotypes (for example. 4 classes of genotypes AA BBCCAnBBOC 
AaBbCC,AaBb Cc) among the parents knowing the numbers of dominant (i.e. 
having at least one dominant gene for each factor) and recessive children in each family. 
Another type of problem which is more difficult arises when the parents fall into even 
as few as two classes but the frequencies of progeny in each must be estimated from 
the data, a typical example of which is the data given by Bridges and others on primary 
and secondary non-disjunction. 


In an attempt to describe to you some statistical procedures under the title. 
‘An indispensable aid in applied research,’ T hope I have not disappointed those who 
are interested in applications, by over-emphasizing the imperfections of existing 
statistical tools or by reference to unsolved problems. IT would perhaps be failing in 
my duty as president of this section if I did not indulge in self-criticism as well. 
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MISCELLANEOUS 


MAXIMUM .LIKELIHOOD ESTIMATION FOR POSITIVELY REGULAR. 
MARKOV CHAINS 
By B. R. BHAT* 
University of Western Australia, Nedlands, W.d. 


SUMMARY. In this paper the author considers m. 1. estimation of an unknown parameter 


in a simple Markov chain. ‘The author applies ideas of Rao (1957) to Markov chains which can be 


approximated to au set of multinomial distributions. 


1. INTRODUCTION 


liv a recent paper Rao (1957) has proved that for the multinomial distribution a 
estimate is a root of the likelihood equation and provides a 
1» is restricted to the roots, with probability 
He has also discussed its analytical 
tively regular 
a positively 


maximum likelihood (m.l.) 
maximum of the likelihood when the paramete 
one, as n, the sample size tends to infinity. 
cr We give the corresponding results for the posi 
ll known that for large number of transitions, 
our result may be considered 
ar to that of Rao and 


properties. In this pap 
Markov chain (MC). As itis we 
regular MC behaves like a set of m 
as a generalisation of Rao’s work. 

possible in the course of the proof. 


ultinomial distributions, 
Hence we use a notation simil. 


draw the analogy wherever 


Let , 
TT = (rij): (4,3 = L 2,18) a (Ll) 


be the transition probability (TP) matrix of the positively regular MOC with 
ME (i= 12, 8) ~ 


transitions from state B; to 


as its stationary probabilities. If a realisation consists of 1ij 


State H; such that 


SY nij = 


ij 


for large n, the logarithm of the dominant part of the likelihood function can be written as 
EE 
Lm) ~ 2 nj Innij (1.2) 
id=1 


(ef. Bartlett, 1956, § 3.2). 


ity, Dharwar India. Now at the University of California, 
University: s 
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Hence for long realisations from such a MC the likelihood depends only on the TI 
matrix T. In this paper we are concerned with the m.l. estimation of 7. in the positively 
regular case; the corresponding results for regular but not positively regular MO will be ysiven 
in a subsequent paper. 


If mij depend on a certain unknown parameter 0, under certain regularity 
conditions to be satisfied by rij, Gani (1955) has proved that the m.l. estimator @ of 0 
possesses some optimum properties. In this paper under somewhat lexs Stringent conditions 
we prove that § makes the likelihood an absolute maximum, and derives its properties. 


2. PRELIMINARY RESULTS 
(a) Whittle (1955) has obtained the exact distribution of the transition numbers 
ij, and has shown that 


E(nij)—> nmi; 


a5 R20. Since the variance of 1ijln is of order n-t for laree n. by the law of large munbers 
1s | 
= J) Tri. we 
n 
Similarly Ms Tij a 02.2) 
ni, 3 


where ni.=2Xn;j(i,j=1,2 sang Se 
5 


It is necessary to remark here that all the st 


atements which we make will he true 
with probability tending to 1 and not in the absolute sense. 


(bh) A statistic is said to be 
calculated from the whole population 
and Rao, 1955). In our case, we assum 


consistent (Fisher Consistent (FC)), if, when it is 
» it is equal to the required parameter (ef. Kallianpur 


e that the given realisation of n transitions is a sample 
from a population of infinite number of transitions. The population transition probabilities 


rij are thus to be viewed as the limiting values of the proportions of transitions from Li to 
5; to all possible transitions from B;. Hence 


Tj Lt “y 
n—>D n, 
ete Dis = 
Defining bij = ন 
7 


as the sample estimate of Tr;j, we have Tp) 


» @ function of pij's, F 
8 


C for an unknown parameter 


Tj) =0. 


It is to be noted that T'(p;j) need not be an unbiased estimate of 0. 
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Lemma 1: If (a) T(pi) is FC for 0, j 
(b) T(pij) admits continuous first partial derivatives, 


then (i) T(pi) is asymptotically normally distributed with mean 0 and variance 


টল LT sb oT (ত | o 
var (Tf) = 2 ¥ ন { ন Tij (Gn ) J TTij- Gr -- (2.3) 
ys an l 2.4 
und (ii) nvar (T) > ঢ’ sn 254) 
1 Orij\* 
where i(0) = রি Trifij ( =) ড় 
Li Uj 


is the information defined by Fisher. 


by Taylor's series, up to the second term, 


Proof : Expanding T(pij) 
) ( 27) J 
T(pij) = Trij)- ঢ় (py) \Gpij | Du=Tu 

Where ij 8 (rij, Dij)- 
when pij—? Tij = B(pij), 


Ys La es BE tees Se ন 
By the continuity of = » Since Ty? Tij 
¥ 0Dpij 


oT 


oT ) ~~ 
( 0pij DPU=™ ij 0mij 


Hence for large n, T(Py)—? Tj) nd 


OT OT pov (pi Dus 
bi (PD ,P ‘ '). 
var (1) = Hr on; Omij Oj is 


Oji (6pm —Ti Tu) 
Since cov (Pijs pri) = ni 


(af. Whittle, 1055), 
ry (Fi) 


var (T) = ড ঈদ না Ll সুগয ( 


Where 6;j is Kronecker's delta, 
(2.5) 


odm 
f pij being normal (0 Anderson and Go Aman, 
distribution 0° Pi ith mean and variance 


mal distribution ( (cf. Rao, 1952, § 


9 


For large n the joint Be) ot 
05) T has an asymptotic 101 
Eiven above. Since (ij) = 
oT Ing) = 561 (2.6) 
OT Om, 5 Th nj \s 0! 
l= 0 tj 0ij Uy 
ij mij 0 


341 


17 


Vor. 22 SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ PARTS 3 & + 
bed 


10) = 3 ores (2 A 2.7) 
Let 1;(0) ন ij = 5 EA 
s0 that i(0) = Xr; li; (0). 
Comparing Yi, 6; and Ii, we have from Kallianpur and Rao (1955), 
Vili> $f. (G=L2,...,s). 
Summing up over all values of i, we have 
2 Vil > 2g. 


Since Yr; and I; are positive, from Cauchy's inequality 
(3%) tn) > EVEL: > GE en 1. (28) 
1 
l 
Hen YUE (PT) Se 
ডু He 1 (0) 

So there exists a minimum variance for the FC estimator of 0, which is non-zero. 

(ce) Here we give a version of-Rao’s (1957, 1958) lemma. 

Lemma 2: If 4ij ure positive, bij are Non-negyulive, such that 


Xai= by G=1,2,...,) 


Et) 


then 3 kiaij n(bijlaij) < 0 (hi > 0). 


The equality is attained when and only when aij = bi j for all i and j. 
Proof : From Rao’s lemma 


Fai In (bij/aij) < 0, 
the equality holding when and only when ij = b 


non-negative constant k; and summing up the above 
the lemma. 


bij (I= Ly 28), Multiplying by a 
Inequality for all values of t, we have 


As an application, we see that 


Niy Ni. y 
EY IT [ Ini; —In Wi 
L TTij— ln —U 

BbjNi. RN T= ns. <0, 


if ni. > 0, the equality holding if and only if 


Nij 
Hg-= li, 1 
ij n (,j = L2 as 8). 


Hence L(m) is maximum when n;,/ni. is substituted for Tij(i,j =1,2 ) 
’ 243...) 5). 
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M.L. ESTIMATION FOR POSITIVELY REGULAR MARKOV CHAINS 


3. MAXIMUM LIKELIHOOD (M.L.) ESTIMATION 


proceeds in the same manner as given by 


The proof of the following theorems 
and therefore is not 


Rao (1957) for the multinomial, using the results given in section 2 


given here. 


(i) If mis the true TP matrix, and if the ml. estimate Tr exists at least when 


? = (pi) belongs to the neighbourhood of T°, N(n°), then is a consistent estimate of T°. 


does not exist however 
)) could be chosen. 


If the m.l. estimate of T° close p is to a, then any near ml. 


estimate (for definition see Rao (1957 
) a certain parameter 0, whose true value is 06. Tf 0* is an 


(ii) Let depend or 
0* is a consistent estimator of 0, under the 


estimator of 0 which makes L(0) a maximum, 
following condition. 


Condition (A): For any given 6, 


lr "ই ag ( ন) )} Re 


for at least one 1. 
ous to assumption A; of Rao (1957). We will 


The above condition is analog 
introduce three more conditions (B), (0) and (D) formulated on the lines of As, As and As 
respectively of Rao (1957). 

(iii) Let Triy(0) satisfy conditions (B), (C) and (D). Then for a given 6 if p eN(nd), 
t 6 of the likelihood equation 


then there exists one and only one roo 


5. This root, a8 @& function of the transition frequencies 


It is also Fisher consistent. 

unique m.l. estimate 
totic normal distribution with 
tainable under conditions of 


which differs from 0 by less than 
and tends to 00. 


ns (A)—(D), 8 is the 
(0) and (D) 


which is the mi 


is continuous at T° 
at least when peN(m). 


(iv) Under conditio 
(v) Under conditions (B), 
mean 0, and variance 1/n (00), 


f has asymp 
nimum at 


Lemma 1. 
In fact 0—0, can be approximated by the linear SUHGHLN 


1 nud) dnd. 
0) TM (00) 0 


1 unknown parameter ina simple 


2 fa 
idered m.l. estimation. 0 ! 
-বালমলাট the estimation in m-th order Markov chain 

ber of unknown parameters. 


2 re ha 
In this paper we st to study 
proved the paper 


Markov chain. It may be 0 
When the transition probabiliti 
is indebted to Dr. 


annum 


Gani for many suggestions which im 


The author 
considerably. 
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ESSE a 


A NOTE ON THE STRUCTURE OF A CERTAIN STOCHASTIC MODEL 


By 5. C. DAS 
Ravenshaw College, Cuttack, India 


SUDIARY. Dandekar (1955) proved that the probability of a success in any (m—1) consecutive 


irinls where the process has been going on for a long time, is given by 


P= Am LD 
IL -(n—l)p 
trial and it is assumed that if a trial results 


Whore p stands for the probability of a success in any 
This statement of the result is not 


in n success the next (m~— 1) trials are bound to result in failures. 


vVory clear. 
ocess and derives the result found by Dandekar 


Basu (19535) identifies this model as a stochastic pr 


in n slightly different form. 
ontify this st ochastic process which at first sight is not Markovian as a Markov 
by Basu and Dandekar by an elementary method. We further find 
co time and its variance in connection with this problem. 


In this paper we id 
chain and deduce the results found 
out simple expressions for the mean recurren 


1. INTRODUCTION 


Dandekar (1955) has considered a sequence of trials with the following property: 
ess, the next (m—1) trials are bound to result in failures. ‘The 
is possible is p, and that of a failure 


trial in which a success 1 
proves by an ingenious argument that the probability of a 


as been going on for some time, 


if a trial results in a SucC 
probability of @ success in any 
Dandekar P 


is y, where p+9 = | 0 
trials where the process h 


success in any (m—1) consecutive 


is given by 


(m i 
= ](m—1l)p 
ce result is not very clear. 


] as the stochastic process to. tp characterised 


However, this statement of th 
ntifies this mode 


ng postulates. 
the two values o( 


Be 
Basu (1955) ide 
hy the following defini 
(i) Each wi can tak 
Probability that to = lis p. 
(or less) consee } 
) consecutive ti 


— failure) and = success) and the 


e only 


ost one cal be 1. 


s are known to Ve zeros then the next 


jive ris atm 
(ii) For any m utive ti 5 

(iii) TF any (m—D) (or more 

ti may be 1 with probability D- হ 

(iv) If ao= 0; then the conditional stochasti 

Y [ag . Bis Tp 

the original process to. tp Tes Taking Plvo সপে যা 

1, and proves that in such & Case oo i = TTI 

Fs andekar's result, points out that if we 


process 21: i ig SS the same as 
Basu finds an expression for the 


WS 


Probability P, = Pian | 
clarifying | 


su 
und. Bast, 
cannot find Pi: 


Dandekar has already fo 
we 


( 1 oy i x, 
lo not know the 2:5 preceding tn 
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In this paper we identify this stochastic process, which at first sight is not Markovian, 
as a Markov Chain, and deduce the results found by Basu and Dandekar by an elementary 
method. Observational maferial corresponding to this process is found. among other 
cases, in problems of industrial accidents. Once a worker meets with an accident 
he needs hospitalisation for a certain period of time for which he remains immune 
to further accident. For definiteness let us take a fixed period say m days as the 
period of hospitalisation that a worker has to undergo as soon as he meets with an 
accident. Now consider the states B,, Ei, 5,.... Ey. Let the state 5, correspond to the 
situation where the worker meets with an accident and has passed the first day of his 
hospitalisation period. Let B,(7 = 1,2, 3,..., m—1) be the state corresponding to the situation 
when the patient has already passed 7 days in the hospital. By will be the state corres- 
ponding to recovery and will therefore he same as Zo. We will call Bas the state of failure 
and 2, as the state of success (Worker meets with an accident). Thus the state 2, can only 
be reached from the state Z,. Once the state 5, is reached, the system must necessarily go 
through the consecutive m—1 states of immunity Es, Bs ..., Emn-y, Bo. Consequently any 
state B,(7 #0) can only be reached from 2,_, where By can be reached from either By or 


Bi;,_,. This model is a Markov Chain with the following matrix of transition probabilities. 


B, Yq pp 0 0 


0 
EH ooo 0 
Beeld ¢ 9 AG 0 
Balt 0 0 a uw 1 
Bill 0 0 ae ol 


We are here considering only one particular 


worker has to undergo a fixed period of hospitalisation say m days. Here each day in the 
factory may be considered as a trial and the day on which the accident occurs may therefore 


be considered as a trial resulting in a success. Excluding this day the next (m—1) days in 
the hospital may be taken. as trials resulting in failures. 


type of accident which when met the 


But this model is a particular case of the follow 
closely satisfied by observational material such as is met in industrial accidents. Accidents 


of varying severity are usual and their periods of hospitalisation vary from accidents to 
accident, a fact which has been ignored by the particular model considered above. 


ing general model which is more 


Without any loss of generality we may retain the Same notations and the EE 
Bo, Bi, Bs ..., By = By as in the above particular model. There Ay state LH, (7 = 1, 2,..., m) 
corresponds to the situation where the worker meeting with an accident has remained in the 
hospital for r days. The state B; therefore, Consequently corresponds to the situation where 
HES Dstient TAs ionemoin on Ont) TES intl hospital. In the general model considered 
here we tale any state.H, in. thelatter sense, Consequently 2, is cither the 7-th state of 
immunity which can be reached from the r?—1-th state of immunity BE, 
the 7-th. state of success (an accident of 7-th type when met the JOrEEh 
days in the hospital) which can be reached from 2, a state of failure wi 
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7-1 With certainty or 
has to remain m—r 
th probability pom 


he OE — Ec OY 


——m——— 


‘find Lt pf? = P;j(=0, Ly as 


ON THE STRUCTURE OF A CERTAIN STOCHASTIC MODEL 


the suffix m—r in xm corresponding to the period of immunity, which must follow this 
type of accident. Thus from E, there is a transition of the system to any one of Bo, Ei, ..., By_y 


. m-1 
with probabilities q, pany DPxm-2, --- DL respectively where 2 %j=1. Once the 
1 
state By, (p = 0) is reached the system must necessarily go through the states 
Dn Bossa bm = Bo For this system we have the following matrix of transition 
probabilities. 
bo Li bs, lis Ens Ey 
bY, gq DPAm-i Png eee ee Das DX 
I 0 0 LE 0 a ‘0 0 
EB, 0 0 0 1 0 0 |=2 
Bs lo Yd se UE aD 1 
ZL 0 MEE 


state LB; (i = 0, 1, ..., m—1) the probability DP, 


If we start from any known initial 
after n steps, is the 


that starting from BP; we reach the state of success 
clement in the i-th row and j-th column of p", the n-th power of the matrix p. PED will have 
at the initial state Hi is; but it is possible, however, to 
1) the stationary probabilities of the Markov Chain, 


i.e. the probability 


no meaning if we do not know wh 


00 PA 7. (TF, 5 325 
which are known to be independent of the initial state 2; (Feller, 1950, p. 325). 
Talking P= Ly | 
Ll 
| | 
Et! 
8 
| | 
Py,al 
we have BE =: 


and from this we get 


"Sp Lp 
Subject to the condition Ft 
a= 
Tt follows that Py am-iPP oo Pom) ot 
2 1 
50 that Py CS Ladi hl 
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and the probability of a success of any type is 


চর Pes DAF 20s+...+(M— lA} 


1F-pla 20+... + (m— loan} 


) দল (m—l)p 


which reduces to = EB eT 


i we let. 2 = ty =a = 
sel _ 


and «&m_; = 1. This is what Dandekar gives as the probability of a success in any abrupt 
sequence of (m—l) consecutive trials. 


2. RECURRENCE TIMES 


These states are all recurrent and we can, by following the method discussed in 
Feller (1950, pp. 347-62), find their mean recurrence times and the finite variances of these 
times. 


Following Feller, we express the 1-step transition probability of any state I, as 


pop tn PY A [274 EEE PLY” = খু ps (2.1) 
E li Nf SE "BE at BE | 
where PY”s (r= 1,2,...,m) are determinable constants and SL's (r= 1.2,...,m) are the 
roots of the determinantal equation 
Sq—1l wp_1ps Ln-2p8 + 2 ps 
10 —!1 SS sss [1] 
lo 0 =A BY ..d 
EE “s+ «2175 l=0; = 12:2) 
lo 0 0 =1 8 
|S 0 0 5c 0 
this equation can easily be shown to have no repeated roots. 
On simplification (2.2) reduces to 
Dom Samy SmI... 2,82} Sq—1 = 0. ix (2.8) 


It is clear that one root of (2.3) is unity and all other roots have moduli greater than unity. 
Let these roots be S, = 1, Ss... Sm; by taking the limit, (2.1) reduces to 


0) =. tT 
= Pi. 


Thus the mean recurrence time /j for the state Lj of success is 7a): The variance* 03 of 


ey Set [ 
this mean recurrence time is given by % 
8 € m (7) 
0j = nj—ujt2n Ss PL, 024) 
fst ET 


a CECH Nt S ৰ পল 2 
*Jf the equations (5.1) and (5.3) of Feller (1950; P.362) are considered, it will be found that (5.4) 
reduces to our equation (2.4); Feller's result seems to be due to a printing error. 
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To evaluate PY’s we follow Feller (p. 349-50) and obtain 


F 
p XY AmE 
1 5 nk RE 
1 পঃ ol সক ন —s for J #0 + (2.5) 
1+ nL, (m—h)am-t 


m-j+1 ঠ j-R 
Pp Sr 2 Br Am 


t {)- = 
and Py = না লে 
1-+pS, 2 (m—k)am-k Br 
ll Fel 
nor) m pSy I 5 Si Api 
(r 2 ~E চ 
‘Therefore =; 1 4. 2.6) 
r=2 Dr) r=2 {1428, el (m—hom-n 8" (Sr). 


which can be calculated for any given value of m. Substituting (2.5) and (2.6) in (2.4) the 
variance of the recurrence time for any state Ej = L2..., m—1) can be obtained. 


But in the ease of Dandekar's model. these results reduce to the following simpler 


forms. 
Equation (2.3) is 
Sp Sq—1 = 0, se (LT) 


which can easily be shown to have distinct roots, and we have 


l= Bs fORG = hi2; ml 
B= TEE 
as found by Basu. 
Thus the mean recurrence time for the state Bj is 
= Tl, (2.8) 
Uj oR p 
f SYD 
Similarly, we have that 0% = IDS 
ij (0) = LS 
Which by (2.7) reduces to Pi = DAR Sn) 
K= TT 
Where হি = Is 
kg-l p } 
(1) EO { Fs Rt +i 
1t follows that = টি দা 
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and the sum 


ত r) ll kg—1l BS L | tl p F mn l | Le (2.9) 
ne Be (m—1)(k—l)gq | r-2 E55; (m—I(k—Lg l= (1—-5,) 


By using the relation that the sum of the products of the roots Si, Sy, ..., Sm of the Cqua- 
2s 533 + 


tion (2.7) taken 7 (r < m-—l) at a time is equal to (—1)" and S Sng == (=I), 
(2.9) reduces to 

ডু BF kg—l ] HE EY 2)km-3 4... 204-1 } 

re2 Sr—1  m—UE— 1) kml fm-2 +L 1p 


_ p Lt } 
2m—D(AE—Lg UI-+-on—l)p 


_ (m—l)g { (m—1)k™_— mimn-1 } m(m—l) 


pr (m— Dknp--1 2108 
= n-ne ++ (2:10) 
Dut 2n 


The variance of the mean recurrence time in this case is found to be 
0% = lp, for J = 1,2, ... (m—1) 
a remarkably simple result. 
~The mean recurrence time and its Variance for the state B, are given by 
to = 1+(m—l)p 


and 0§ = (m—1 Jp. 
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A SHORT TABLE OF THE HYPERGEOMETRIC FUNCTION ,F(c;2)t 


By J. EDWARD JACKSON* 
Virginia Polytechnic Institute USA 


SU MMARY, The generalized hypergeometric function oF (cit) has certain statistical applications 
particularly with regard to sequential multivariate techniques. This function is tabulated for @ = .1(.1) 


1(1)10(10)100(50)1000 and ce = .5(.5)5. 


The function 
Fc;a)= 1+ £+- ন 
oF; ®) i CECE VE ) cle 1)(c-+2)3! ঠৰ 


is a special case of the generalized hypergeometric function and is a solution of the 
differential equation : ay" +o’ —Y = 0 (Erdelyi, et al., 1953). It also has applications in the 
field of mathematical statistics. In particular, the non-central x*-distribution with p degrees 
of freedom and noncentrality parameter nA® can be written in the form : 


—xe4+ nl nj — 


EE: MESES TE 2; nA2y2 
Ay) = —oh ঢা oF(DI2; nARX2/4). 


means (Jackson and Bradley, 1959) involve this 
ometric function F(a, c; 2) which has already 
Rushton, 1954; Rushton and Lang, 1954). 


Some multivariate sequential tests for 
function as well as the confluent hyperge 
been tabulated in this Journal (Nath, 1952; 
The function Fic; ®) is covergent for all finite x. 

function has not received much attention in the litera- 


Once of the reasons that this 
her well known transcendental functions, among them: 


ture is that it is related to several ot! 
(a) Modified Bessel Function of the first kind. 
l-c 
Pile; 2) = TPo)s © Teil ®). 


(b) Confluent hypergeometric function. 


Ftc; 2) = eo Fc—Y, 20—1; AV). 


(e) Whittaker’s M function. b 
1 


gs 
2 Yo, ildV®). 


oF; ©) = (4s) 
ns are not tabulated to the extent 


e alternative functio! 


However ications, thes 

er. for many applications, ৰ I 

that is required anid E addition, the use of these functions makes inverse solutions more 
5 . . 

difficult since the ke ument % is involved twice in each of these expressions. Tor these 

spe hie: Je of the function oF(cs ®) itself. 


reasons, it seemed advisable to prepare & iad 
f Naval Research, Department of the Navy; Contract Number: NONR- 
[0 Reproduction in whole or in part 


th the Virginia Polytechnic Institute. 


he United States 
Kodak Company, 
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The present table gives the value of the function oF';(c; 2) to six significant figures 
for x = .1(.1)1(1)10(10)100(50)1000 and c¢ = .5(.5)5. Thus the table has a uniform gradua- 
tion for c and is divided into four ‘bands’ for values of x. The value in parentheses directly 
following each tabulated value indicates the power of 10 by which the tabulated value should 
be multiplied to produce the true result. For example: 


oF (4.5; 100) = 1.17108(5) = 117108. 


When interpolating, it is best to work with log oF xc; x) rather than the function itself. In 
general, when. interpolating for given values of x within “bands”, four-point Lagrangian 
interpolation will yield four-digit accuracy. For small values of wx, linear interpolation 
(of the logs) will suffice. When interpolating near either end of a band, four-point Newton 
interpolation formulae will prove quite satisfactory. When interpolating for given values 
of c, the results will not be as accurate. If oF'(c: x) is to be obtained when neither c nor 2x 


appear in the table, one must resort either to double interpolation or to a numerical solution 
of the original differential equation itself. 


The author wishes to acknowledge the assistance of Professor R. J. Freund in the 
computation of the tabulated results. 
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A SHORT TABLE OF THE HYPERGEOMETRIC FUNCTION oF,(c; 2) 


TABLE OF oF,(c; x) 


i — —  — — — —_— _—_— —_——_— 
a 
# 1 2 3 ক! 


(5 1.20676 (0) 1.42739 (0) 1.66245 (0) 1.91252 (0) 
1.0 1.10253 (0) 1.21022 (0) 1.32326 (0) 1.44182 (0) 
1.5 1.06801 (0) 1.13877 (0) 1.21235 (0) 1.28883 (0) 
2,0 1.05084 (0) 1.10339 (0) 1.15769 (0) 1.21379 (0) 
2.1 1.04058 (0) 1.08282 (0) 1.12526 (0) 1.16942 (0) 
3.0 1.03375 (0) 1.06836 (0) 1.10383 (0) 1.14018 (0) 
3.5 1.02889 (0) 1.05843 (0) 1.08862 (0) 1.11949 (0) 
40 1.02525 (0) 1.05101 (0) 1.07729 (0) 1.10409 (0) 
4 
5 


Ks) 1.02243 (0) 1.04526 (0) 1.06851 (0) 1.09219 (0) 
0 1.02017 (0) 1.04067 (0) 1.06152 (0) 1.08272 (0) 


‘8 


‘5 2.11818 (0) 2.46004 (0) 2.75873 (0) 3.07487 (0) 
69623 (0) 1.83246 (0) 1.97496 (0) 


1.0 1.56608 (0) 1. 
45084 (0) 1.53653 (0) 1.62547 (0) 


1.5  1.36830(0) 1. 
39330 (0) 1.45703 (0) 


2.0 1.27172 (0) 1.33155 (0) L. 
1.30950 (0) 1.85882 (0) 


5 1.21483 (0) 1.26151 (0) 
1.25473 (0) 1.29480 (0) 


17744 (0) 1.21562 (0) 
3 ‘15104 (0) 1.18328 (0) 1.21623 10) 1.24990 (0) 
4.0 1.13143 (0) 1.15931 (0) 1.18774 (0) 1.21673 (0) 
4 14083 (0) 1.16582 (0) 1.19125 (0) 


5 1.11629 (0) 1. 
1.14844 (0) 1.17108 (0) 


30 LlotT(0) 112617 (0) 
ps EE oe EAE 
ED 
5 
10014 (0) 3.76220 (0) §.48897 (0) 1.59895 (1) 
10 2.12303 (0) 2.279059 (0) 4 25235 (0) 7.15900 (0) 
st 2.98041 (0) 4.60674 (0) 
71774 (0) 1-81843 (0) 
5 0 1'poogs (0) 2.89488 (0) 8.46865 (0) 
- B22 
5 570) 2.06571 (0) 2.84570 (0) 
40950 (0) 1.46157 ( ale ৰ j 
, sa EG 0) 137790 (0) 1.85752 (0) 2.46023 (0) 
gi i 505 2.20131 (0) 
110) 1.71505 (0) 2.2 
1.31946 (0) লা" 


3.5 1.28431 (0) 61195 (0) 


27644 (0) L- 
24630 (0) 1.27644 (0) 


1.87946 (0) 


40 
ৰ 53412 (0) 
1.24350 (0) 1.05 we 
4.5 I ) 1 217400) 1.47343 (0) 1.77358 (0) 
zl hee 
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TABLE OF oF'(c; t)—continued 
Siena ita ena 


c 4 


5 


» 
6 


) 


7 


-5 2.73082 (1) 4.37775(1) 6.70801 (1) 
1.0  1.13019(1) 1.70578 (1) 2.48921 (1) 

"5 6.82248 (0) 9.78638 (0) 1.36911 0) 
2.0 4.87973 (0) 6.70929 (0) 9.05436 (0) 
2.5 3.84108 (0) 5.09866 (0) 6.67362 (0) 
3.0 3.21109 (0) 4.13939 (0) 5.27926 (0) 
3.5 2.79506 (0) 3.51579 (0) 4.38596 (0) 
4.0 2.50296 (0) 3.08387 (0) 3.71510 (0) 
£.5 2.28816 (0) 2.77002 (0) 3.33618 (0) 
5.0 2.12441 (0) 2.53325 (0) 3.00832 (0) 


1.43125 (2) 
4.92086 (1) 


5 2.53006 (1) 
2.0 1.57742 (1) 


56170 (0) 


2.5 1.10460 (1) 
3.0 8.35859 (0) 
3.5 6.68180 (0) 
4.0 5 

4 

5 


‘5 4.77340 (0) 
4.19534 (0) 


2 ৩ 


0) 


-01716 (2) 
‘72344 (1) 
-36189 (1) 
‘04473 (1) 


1.40081 (1) 


৯ 0 


4 


‘03971 01) 


17116 (0) 
-70012 (0) 


67476 (0) 


40 


2.79056 (2) 
9.04759 (1) 


4.41223 (1) 
2.62399 (1) 


1.76200 (1) 
1.28472 (1) 


9.93836 (0) 
8.03558 (0) 
6 
5 


72144 (0) 


Er 


3 


1 
5 


=— to 


an 


2) 


e 30 

5 2.86041 (4) 1 
1.0 6.07878 (3) 

‘5 2.61118 (3) 
2.0 1.91452 (3) 
2.5 6.49822 (2) 
3.0 3.84984 (2) 
3.5 2.45170 (2) 
4.0 1.66047 (2) 
4.5 1.18028 (2) 
5 


0 8.72949 (1) 


‘55743 (5) 
‘53018 (4) 
-28126 (4) 
35631 (3) 
68932 (3) 
+40727 (3) 
02180 (2) 
78855 (2) 


90937 (2) 
75525 (2) 


6.93141 (5) 
1.48419 (5) 


90124 (4) 
02334 (4) 


to 


9.66192 (3) 
5.12743 (3) 


2.95129 (3) 
1.81971 (3) 


1.17436 (3) 


9.93234 (1) 
3.53766 (1) 
1.87694 (1) 
1.20304 (1) 


8.63078 (0) 
6.67034 (0) 


5.43140 (0) 
4.50432 (0) 
3.99922 (0) 
3.55889 (0) 


3.83193 (3) 
1.03763 (3) 


1.27632 (2) 
8.18993 (1) 


5.63984 (1) 
‘10217 (1) 


60 


2.67320 (6) 


3.12580 (4) 
1.59404 (4) 


8.83101 (3) 
5.22887 (3) 


3.27061 (3) 


7.95539 (2) 2.14931 (3) 
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A SHORT TABLE OF THE HYPERGEOMETRIC FUNCTION oF(c; 2) 


TABLE OF ofF;(c; e)—continued 


c 70 30 90 100 


(5 9.24025 (6) 2.93674 (7) 8.69217 (7) 2.42552 (8) 
1.0 1.81805 (6) 5.58012 (6) 60300 (7) 4.35583 (7) 


1.5 5.52743 (5) 1.64169 (6) 4.538118 (6) 
2.10702 (5) 6.06150 (5) 1.64456 (6) 


1.72840 (6) 
86255 (5) 


2.5 9.31768 (4) 2.59929 (5) 6.86171 (5) 
3.0 4.50241 (4) 1.24345 (5) 3.10677 (5) 


5  2.46199(4) 6.477000 1 

4.0 1.41238(4) 3.61373 (4) 8.83258 (4) 
2.13455 (4) 5.09327 (4) 1.17108 (5) 
32317 (4) (08468 (4) 6.94441 (4) 


(62292 (5) 8.90027 (5) 
2.07554 (5) 


56961 (3) 
45149 (3) 


cr 
oN) 


c 150 200 250 300 
(5 2.17254 (10) 9.608588 (11) 2.70749 (13) 5.53824 (14) 
K Ly 


1.0 3.52074 (9) 1.44809 (11) 3.85702 (12) 53541 (13) 


1.5 8.86938 ( 8) 3.39725 (10) 8.56184 (1) 59875 (13) 


1 

20 2.81537( 8) 1.00560 (10) 2.40051 (11) 4.28731 (12) 
2.5 1.04192 (8) 3.47593 (9) 7.86562 (10) 1.34459 (12) 
3.0  4.81894( 7) 1.34752 (9) 2.89358 (10) 4.73779 (11) 


3 1.95686 ( 7) 5.71811 (8) 1.16629 (10) 1.53087 (11) 
4.0 9.53391(6) 2.61280 ( 8) 5.06676 ( 9) 7.62707 (10) 
4 4 


93639 ( 6) 1.27055 (8) 2.84476 (9) 3.38787 (10) 
5.0 2.69244 ( 6) 6.51744( 7) 1.14571 (9) 1.59003 (10) 


|! 350 400 _ - 450 500 


BE RE 


8.88753 (16) 1.17693 (17) 1.33206 (18) 1.32198 (19) 
1.0 1.163822 (15) 1.48048 (16) 1.63659 (17) 1.58168 (18) 
1.5 2.37520 (14) 2.94231 (15) 3.13970 (16) 2.95598 (17) 
2.0 6.13399 (13) 7.35370 (14) 7.62351 (15) 6.99397 (16) 


93856 (16) 


85367 (13) 2.15157 (14) 2.16777 (15) 
04698 (15) 


9 ) 
2.5 a 2 2 
3.0 6.29643 (12) 7.07970 (13) 6.93493 (14) 


2 


iw 


2.43577 (14) 
24002 (13) 7.66713 (14) 


3.5 2.34686 (12) 2.55671 (13) 2 07156 (15) 
4.0 9.436038 (11) - 9.96859 (12) 9 

4.5 04734 (11) 4.1472 (12) 3.74149 (13) 3702996 (14) 
‘33526 (11) 1.82485 (12) 1.60291 (13) 1.26726 (14) 
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TABLE OF oF(c; 2)—continued 


600 


650 


[ PARTS 3 & 4 


750 


cr 


= 


‘17270 (20) 
36991 (19) 


50020 (18) 
77869 (17) 


56504 (17) 
77134 (16) 


59798 (16) 
78352 (15) 


+28561 (15) 


9.14835 (14) 


2.21114 (1 1.21903 (18) 


84661 (24) 
96334 (23) 


3.26438 (22) 


) 


87984 (21) 
70059 (21) 
‘73636 (20) 
45046 (20) 
80465 (19) 


‘10138 (19) 
88885 (18) 


9.43990 (20) 
1.07888 (20) 
1.92691 (19) 
4.35933 (18) 
1.15590 (18) 
3.45096 (17) 
1.13207 (17) 
4.01424 (16) 
1.52059 (16) 
6.09908 (15) 


1.05311 (25) 
1.10276 (24) 


1.80606 (23) 
3.74986 (22) 
9.13275 (21) 
2.50650 (21) 
7.56500 (20) 
2.47003 (20) 
8.62261 (19) 
3.18988 (19) 


97799 (21) 
81632 (20) 
36849 (20) 
‘03560 (19) 
89362 (18) 
31162 (18) 
‘43976 (17) 
‘58871 (17) 
62452 (16) 
3.78969 (16) 


71003 (25) 
+89407 (24) 


‘51672 (23) 
94825 (23) 
+67905 (22) 
‘26650 (22) 
‘77034 (21) 
21440021) 
+ 18252 (20) 
52075 (20) 


9. 
L; 


4 


1 


5848 (21) 
03846 (20) 
96865 (20) 
02749 (19) 
44617 (19) 


‘57270 (18) 
i 


56345 (18) 


95583 (26) 
‘00997 (25) 
79490 (24) 
68609 (23) 
20569 (23) 
- 13285 (22) 
80214 (22) 
73019 (21) 
+94847 (21) 
7.02295 (20) 


3.06378 (23) 
3.31060 (22 


5.59368 (21) 
1.19780 (21) 


3.00785 (20) 
8.50909 (10) 


2.64645 (19) 
5.90172 (18) 


3.20040 (18) 


1.46610 (27) 
1.47385 (26) 


2.31811 (25) 
+. 62374 (21) 


1.08219 (24) 
2.85523 (23) 


8.28710 (22) 


"2.60293 (22) 


8.74405 (21) 
3.11393 (21) 
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APPROXIMATE CONFIDENCE INTERVAL FOR LINEAR FUNCTIONS OF 
MEANS OF K POPULATIONS WHEN THE POPULATION 
VARIANCES ARE NOT EQUAL 


By SAIBAL KUMAR BANERJEE 
Indian Statistical Institutes Calcutta 


SUMMARY. It is shown that given L-samplos of ni units from populations Ni (ni, 0%) 


k 
(t=1,2..,) a confidence interval for any linear function > cimi of population means with confidence 
1 


coefficient not loss than any pre-assigned probability a is possible in terms of sample estimates of 
pupulation means and variancos and tabulated values of Student's t-table. 

Given F samples of ni (i = 1,2, ...,) units from FE normal populations Nims, 0) 
with sample estimates of population means and variances #;i and #0 = 1,2,...,k)a confi- 
dence interval for any linear function of the population means with approximate confidence 


co-efficient is possible. Briefly the method is indicated for the case of two samples. 


Let P denote the probability of the event 


টি 99 268 
(EB, —M2)* < Lt 4+ =~ = (1) 
i ny ns 


where t, and ts correspond to t-values of Student's t-table satisfying the relation 


l 1 ft \ nt | 
st 5 
ৰ্‌ [ (+ তথ ) d= see HA) 


Vi B ( 5 :¥) ti 


হন i 9 2 
Since for fixed si and 83 


(3,432) (3) 
I! 
2 
ny ns 


is distributed as & X* variate with 1 dt. 


[.) 
p= | | Attob ny) fats}, 0%, 12) US, SB)dsids8 «0 
0 


s—3 


fst, 07,4) = frequency function of sf 


where h 4 
_ f(s8, 0%, 12) = frequency function of s§ 
tsi nih t2s3 Ine 
cif one Xz fb h 
Tg ( X | axe. 
and 9(8%, 8%) = 5° ঢা st 5 i 
0 
. J be 
Now | ey: dy is an upward convex function of z and therefore 
| tisiloi tis3/03 
1068, 8) > ©: | faDdx* tos [ roma 6) 
0 0 
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2 —$ 
xX 2 ই 
1 = - ( NX ) 
2) ESF G8 I 
where fh fA) = 3 I(3) 2 
EM G= 1,2). 
and hg cin, -+-0ijn 
5) 5 tistlo 0 
As [ ct, of n)fed. of, nf f Some } eta =» 
FE) Es 0 t= 1,2) 
Is7 858 et 7) 
Prob { tm, — mat < 5 + + } > OXF OL = 2 ( 
1 2 
50 that বে 
EE ও 1252 টী ডঃ iV, (8) 
EL i Lm 2 ৰ j 
Prob { TTT No < mm, < TTT na) 
Also it can be readily shown that if ¢, and c, are known constants 
[2 ERE. FF 2 A 2 120252 ll g 
Prob {£ ani Xু এ < ঠু cim; > ENE hh } > (0) 
Further extending to k Populations it can be shown that 
Ee Fk 120255 1 2 ্ j 
Prob { > ois; স্তর i om <X anit 2 og (10) 
ফ 
For the case of two populations if C= land c,=—]in (9) the following relation is 
established : 


LCE. 1 

Prob { [s,—3,—(m,—m) | < লু } 2% 
ny ng 

Which is the two-means problem. 


Cochran and Cox at page 92 
Designs” (1950 edition) 


of the book “Experimental 
Suggest an Approximate result for thi 
the present paper is 


5 Case which in the notation of 


2 gy ন _—_- 
[B—-3,—(m my) | < (tt ap =) la $ 


81 88 
ns ny np 
Since 
2 E 
( tsi hE IE 
ty ny 


To the best of the 
Approximation proved in 
spelt out. The 
of, 0%) or ( 


Suggested as 
any published literature nor the Xi 8 of Eharesnl 
nature of the present result is t 


0 the effect that for all values of ( 
true value will be covered with Probability not less than pre- 


RErnRExcns 
Differential Und Integral Culeulys, 


approximate 
0, 0%,..., 0#) the 
Wssigned probability x. 
CoURANT, R. (1957): 
and Glasgow. 


Cox and Cocmran (1950): Livperimental Designs, Wiley Publication ক 
Paper received : October, 1959. 


Pauper revised : March, 1960. 


Volume I, Blackie und Son Limited, London 


Statistics, New York. 


558 


MEASUREMENT OF ATTRITION IN TECHNICAL EDUCATION 
By K. C. SEAL* 


Planning Commission, India 


SUMMARY. The existing shortage of technical manpower can be partially met by reducing 
he students admitted for technical training. For proper assess- 


ment of atirition during the course of training a detailed cohort study of each student throughout his 
g institution in the country (unless the 


training period is really required. Such a study for every trainin 

total number of such institutions are very few) will be a formidable task since, mere collection of such 
cars about each student admitted in any institut ion, will be extremely 
difficult and time-consuming. It is indicated in the present paper how under some realistic model certain 
broad conclusions regarding wastage can be arrived at from the usually available data for most of the 
institutions such as (i) total number of admissions each year, (ii) total number of students appearing at 
tho qualifying examination every year, and (iii) total number of students qualifying every year. As for 
instanco, it is shown from an analysis of the available material on (i) and (ii) only, that for medical graduates 
g 1947-50, qualified in about 7 years’ time instead of the usual 


the wastage during the training period of t 


detailed statistics for a number of y' 


about 90%, of the students admitted durin 


duration of about 5 yoars. 


1. INTRODUCTION 
For planning purposes, one of the most important problems deserving immediate 
attention is how to ensure adequate supply of technical manpower that may be required for 


the anticipated progress in future years. Improvement of training facilities in the form of 
umber of admissions per institution 


institutions and also increasing the 1 
diately called for to overcome 


opening up of new 
through some planned development by stages might be imme : 
vailable in the country. This shortage of techni- 


the present shortage of technical maupower @ igo L 
cal manpower can also be partially met by reducing the wastage during the traimng period 
of the students. For this purpose, study of all the factors contributing to wastage during 

teps should be taken to reduce at least, 


training will evidently be required and suitable 8 re 
if it is not possible to eliminate completely, the effects of these factors as far as possible. 


Importance of such a study of the wastage problem will depend naturally on. the existing 


magnitude of the problem — those types of technical education in which the magnitude of 


wastage is considerable need only be considered to begin with. Measurements of such 
ition in technical ed d for getting Q reliable estimate of the 


ucation is also require 
technical manpower that will be available in future years. 
assessment of all types of wastage during the course of training such as 
rary or permanent dro 


p-outs before the qualifying examination, (ii) 
er with their frequency 


of attempts at the qualifying examination, 
ort study of each student admitted in the training teen নপৰ 
out his training period is really required. Such a study bo we rs nee 
country will be a formidable task since mere collection of suc me! 
i pitted in any institution will be extreme 


of years about ea h St dent ad S 
LS y CAN, of course, be taken up for 


a few selected institutions in 
consuming. Such cohort stud ডী ‘om such & sample of students 
le fo EE attrition as may pe estimated from J 
* country bu meas by 


For proper 
(i) number of tempo’ 
number of failures togeth 
and so forth, a detailed coh 


EI EEE es 
* Now with Labour Bureau, Simla. 
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will not usually be valid for the entire country. Hence the problem may be somewhat 
modified as follows: f 

From the data at present available for most of the institutions such as : 

(i) total number of admissions each year 

(ii) total number of students appearing at the qualifying examination every year; 

and 

(ili) total number of students qualifying every year, 
is it possible to get some idea of the wastage during the tr 
limited information it will not be Possible to provide esti 
The purpose of the present Paper is to indicate how ce 
wastage can be arrived at from such limited data. 


attrition during the training course is only consider 
that for certain categories of technic. 


of the training period, as for instance 


aining period? Clearly from such 
mates of various types of attrition. 
rtain broad conclusions regarding 
It may also be noted here that although 
ed in this paper, yet it is quite plausible 
al personnel, such as nurses, attrition after completion 
©, due to marriage of nurses, might be more important. 


2. PROBLEM 


Suppose in a particular year t, 4, students are admitted for 
after a specific period of d years w 


examination or just after the result. 
are found to be present. 


Clearly Qa comprises a portion po, of all the regular students 
Ai admitted d years earlier 


Y Div of Ap_j, 1 = 1, ...,1—1, students 
admitted di years earlier. Thus 


a 
Qa = 5 Dit ALi. (2.1) 
t= 
Although pi, is ex 
Which can perhap 
of time ft till a 


pected to vary with tit is assumed that there exists some parameter Pi 
5 be approximated by taking the 


Average of p;/'s over a sufficient length 
stable value of the Average is attained and that 


Dit = pif, 


(2.2) 
Where ci, is a random variable with expectation in Tespect of t zero and variance inversely 
proportional to Ajj, namely 
var (Ei) = 3/4. as (2:8) 
Thus with a large A,_; the Variation of the error b, 
BY component e;,, if f is likely to 
be small. Clearly the minimum variance ] Ghee Ds De Se omar sr es 


inear unbiased esti ঠি i i the 
weighted average ‘mate of yp, will be given by 


is == (2.4) 
denotes summat J ্ 
Where ন notes summation over the number of years for which the data are available. It 
is readily verified that 


var (B) = ot /Y 4p. (2.5) 
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nlnown, it is not possible for us to estimate Di from equation (2.4) and some 
alternative method has to be adopted for estimating pis. It may be noted here that 
although it is certainly desirable to have estimates of each pi, 1 = 0, l...,7—1, in case it is 
found to he not easily possible our minimum requirement is to টি an estimate of 


Since piss Meu 


= 
1 স pi,i.e. of the total percentage of wastage during the entire training period for a group 


i=0 
of students whose PEMEnNage of p 


the error component 6;3. 


asses in several consecutive attempts is unaffected by 


The followi ing method is suggested for estimating at least the total wastage. 
From equation (2 (1) summing over successive values of t from t to t-+n—l1, we get 


tin-l1 tn-1 r-1 r-1 la Ta r-1 tHu-l ~ 
X Qua= 2° 2 Did hy = ES SX pudii= (2 Aii)pis (2.6) 
t t  i=0 =! t i=0 t 
i Un-1 tin-1 
EE 22) 


where bi = Xু pudii| 2 Ati 


so that when mt coincides with the number of years for which the data are available, Di 


becomes identical with the best estimate Di of pi. It is easily seen that 


i tUn-1 
5 =) PRE 0238) 


and for moderately large and Avis, vat (pi) will be very small, so that in such a situation 


Di is expected to be very close to Di 


tHn-1 
From equation (2.6) dividing both the sides by সু Ar, We get 


tin-1 i tin-1l 
2 Qua i XY At চন I 
t = t Di; 2 9) 
t+n-l tn-l Y 
x At i=0 i t 
t 
n-l Gt bgt Hs 
Fo Ey Bee  @10) 
যে a Le) EEE! তৰ 
> At i=0 ( ঠঁ t 
t 
foi! will be uncorrelated for My tandt 


since it is expected that Git and eit 
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Under the simplifying assumption of 


(2X11) 
43 = Lids, 


the equations (2.9) and (2.10) reduce to 


tin-1 


tn-1 r-1 ~ (2. |] 2) 
2 Ora | 3 4 = ্ ip, 
tin-1 Gn] য় Qi? 7 2 2. 13) 
var ( 2 Qa [ 2 4, ) == Seo be Ra 
i * =O 2 A, t 
be J kok thn-1 
Where T= &; 0#/r and 4,= ত Aun 
i=0 


If, the Variations between i's for different i’s 
the ratio 2/4; will he Approximately equal 


and between Air's for different t's are not large, 
small for large dij or A since Ars h 


to var (6) = oi/AL i, which is expected to he 
Ave not been 


Assumed to differ widely with 1. Thus 
tin-1 

s X Qa Se, 
When 4, is large var SET | 58 expected to be quite Small at leastw hen n >? 


tin-1 tin] 
- Hence if the ratio b+ Qa] > HE IS 
t 


above ratio 
5 a stable value with different t's 


1 of different batches 


of students 
This leads to an estimate of wi 


astage in time 


tHn-1 


tHn-1 
2 Qe 
Qu (Y ) X 
value, it May be possip]e to estimate v from equation (2.9 
equations with vary ing ts (evidently this number will h: 
#6 GvAHAble, Sins ths tight hand siqe of equation ( 
Separately Dis 


A, assumes a stable 


), provided a, sufficient number of 
Ave to be greater than or equal to r) 


2.12) is ind. 


ependent of t, it 
Possible to estimate 


is not 

3 f cE 

Satisfied With an estimate of VY Xi pi 

i=0 

i's are Very nearly 
< 

nM 2 Pp; which leads 
i=0 

during the entire training 


period. 
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It may also be mentioned that when At; is not large which may be the case when 

the number of admissions in an individual college only are considered, the assumption that 
tin-1 tn-1 

var (en) is negligible may not be valid. In such cases the ratio ফু Qria X dt is 
expected to assume a stable value only when 1 is considerably greater than 7; as such it is not 
possible here to get an estimate of 7 in an indirect way as is possible when Adj=; is assumed 
to be large. ‘Thus in such situations it is not possible to estimate the wastage in time but as 
in the previous case estimation of total wastage during the training period will usually be 
possible (see Example 2). It may also be pointed out here that the wastage in time for an 
individual training institution can be estimated without much difficulty from a detailed 
cohort study mentioned earlier. Fortunately for us, in order to get an estimate of the 
average wastage in time for all students admitted in any training institution of the 
counlry the simple method indicated above provides some estimate whereas just in such 
situations detailed cohort study for each training institution which could have given a more 
reliable estimate is not in general practically feasible. 


i .Gn-1 ttn-) 
‘Thus under the proposed method at first the ratio ই Qtia | ডু 4d, has to be 


successively worked out upwards starting with n = 1 till the above ratio assumes a stable 


value. However, in practical situations when Qria and A, are both large numbers, 
computation of the above ratios for successive values of 1 and ” becomes a little time- 
consuming, The question that will naturally come to one's mind is whether any simpler 
method can be suggested to eliminate successive summations of both the numerator and 


denominator of the ratio for various values of mn. For this purpose, the following 


identity which is easy to verify will be useful. 


(YY ca Ed) 
aa Sy 
1 


Lt is thus seen that L.H.S. of (2.14) vanishes either when y 5 are all equal or when the LUGE 
wily, T= 1, ..., nN, ave identical. Further, when the ratios wilyis t= Ll, ...,%, do not differ 
2 RE EY i 
widely among themselves and the same is true for yi's, it is clear that the LHS. of (2.14) 
will De very small, especially when yi's are of the same sign, say positive, since in that case 
( Yi—Y, ) / সর yr will be much less than 1, and the R.H.S. of (2.14) is expected to be very 
1 


Small. 
t+n-. 


Hence the ratio 2 £ Qtr | iT dy is expected to be very nearly equal to the 
t 


expression be Qua jp Ars do not differ very much among themselves and so also are the 
nt “Ay | ্জ্চ 
ratios Qs ult for different values of t. When As is very large or in the case of an individual 
PSE tidl<L¢ fl nels ie hs) 
institution it is very likely that Ars will not be very much different for different ts. Also 
in practice, Weal 4's will all be less than 1 and the variation among these ratios will not be 
iy “32 Wid! 4 $ J i ্ en 
much As sid in practical situations in the method suggested above, we may Ww ork 


1 iLL UEn-1 ia Fr 
With = Ota jy place of ই bh 3 
ms Ad; 
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In practice, it might be found Profitable to proceed as follows : 


(1) At first the ratios Qt;ald, are worked out for each 1. 


(2) Next the overall average of Qt; a/At’s is evaluated from the available data. 
ল টি 0 sof n are 
(3) Then the various averages of Q,;a/A/’s with successive smaller values of 1 
worked out. 


iati alUCS, Say, is found to 
(4) As soon as the variation Among averages based on n—1 values, SAY, is EL Ls 
iati ast values, furthe 
be significantly larger than the variation among the averages based on n values 
computation is stopped. 


(5) It is concluded that the ave 
approximate the overall 
of total wastage. 


orvaliues: will 
rage of Qs;a/Ay’s based on n consecutive values wi 
ণি EE. EER pstimate 

Percentage of success and 1 minus this average provides an estin 
(6) Further the Overall per 
of the prescribed period of d years, 


centage of success is achieved in d-Fn— 
estimate of the Wastage in time du 


provided 4's are not sm 
ring the training period. 


1 years instead 
all numbers. ‘This gives some 


The above Steps will be clear from the examples furnished below: 


8. 

Brample 1: Total number of admissions of Sstude. 

India during 1947-1950 and the number w 
Were as follows : 


ILLUSTRATIONS 


nts in all the medical colleges in 


i B ন j 52-1955 
ho qualified after 5 years, i.c. during 1952-195 


number qualified 0 
number admitted after 5 years hd 
0) (4) (Qua) “? 
Se SOMMER 
(1) (2) (3) (4) 
SESS: SEMEN 
1947 2625 2164 82.4 
1948 2811 2299 81.8 
1949 2609 2687 103.0 
1950 2675 2359 88.2 
1 ) 
The overall avera, © is ও +5 
' € LS 88.8 (nn = 4) 
1947 
1949 
1050 
Also 1 bl L045 
ন dN OU m= 3) 
1947 iz 
1948 1040 
1 0 FE = 1950 
and = bh Se = 8290], ঠ, Yess 5 1 
টী | j A= 92.4 1 2 Qi; 
TT ios Ae 2 5 4 50 Gs) 


em ৯, 
UN 20 an eo an 0 2 = =“ 
= EE SE EEE aE in DE Ea iL EEC EE na — 
ডি [ta re ED RD EEE. 


MEASUREMENT OF ATTRITION IN TECHNICAL EDUCATION 


Thus it is seen that the average values assume more or less a stable value for » > 3 and not 
for n» = 2 and the stable value of the average is about 90 percent. Hence it is concluded 
that only about 90 percent, of the medical students admitted for the graduate course of 
about 5 years’ duration eventually complete the prescribed courses in about A+LN—1l=7 
years’ time, so that the real wastage during training period is about 10 percent of the 


students admitted and the wastage in time for most of the students who qualify is at most 
2 years. 

Example 2: In an Engineering College in West Bengal the following information 
about the number of admissions, number appearing after 4 years—the usual duration of 


training-and the number qualifying after 4 years are available : 


number of number appearing J number 
year admissions after 4 years Ors qualifying 0s 
(t) (41) (0,4) ন after 4 years সঃ 
ty Rad (Qa) ন 
(1) (2) (3) (4) (5) (6) 
1948 162 1583 - 94.4 19 13.5 
1949 160 160 100.0 150 93.8 
1950 166 152 91.6 139 88.8 
LOGI 170 138 81.2 Ll 65.3 
1952 165 142 56.0 121 173.3 
1953 188 149 79.3 127 67.6 
1011 S304 767 
The overall averages for columns (4) and (6) are 
1053, 1053 
1 SS Qiss — 88.8; + Oia = 16.2 (n= 6). 
Rt ; 6 A 
0 1918 
The averages based on = 5 are 
1952 _, 1953 
l Qt.4 — 90.6, 1 Q44 = 87.6 
5 Ef Ei) 4s 
1918 1919 
1053 
1952 
sl Qua — 171.9 1 Ltt+4 — 16.8 
- eA. 3 
and ্ A; i 
1518 1949 


en the averages will considerably increase. These are 
already that for a single institution estimation 
1 of the average for different » is required) 
and it is advisable to estimate attrition 


With smaller # the variation betwel ; 
not worked out, since as it has been pointed out 


K § 10’ 

of wastage in time (for which successive 5 Sse 
ৰ ৰ 0 

nls eho.asenmed Hod might be quite misleading 
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through cohort study of the students admit 
institution are available, it is advisable to de 
directly without taking recourse to t 
more calculation. From the above d: 
Students admitted sit for the 
admitted eventually 
period 1948-57. 


| PARTS 3 & 


ted into the college. When data from a single 
rive only the overall percentage, viz টং Qs, > A; 
he alternative method of estimation, which involves 
ata we may only conclude that about 90 percent of the 
final examination and about 76 percent of the students 


qualified as engineers from the above institution during the 


approximate iden of 
nptions. However, 
arge number of years are 

due to certain extraneous causes by 
Tent percentage from those of other years. Under such situations 
1 and it may be advisable not to put 
ASures of attrition in such situations. Estimates of 


j ted training institutions so chosen that they may be considered to 
provide a Tepresentative sample insti 


5S of the country, 


his paper study of attrition in techni- 
technical od will be applicable in any form of 
echni Ss : f 

টি ne Ase of technical education the problem of 
Measurement of attrition is al 


t present very im ortant and a ) shnical education 
has been Stressed in the aD Y Imports S Such only technical e 


education, 


Paper Teceived : Pebrugyy, 1959. 
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A NOTE ON THE EFFICIENCY OF DOUBLE SAMPLING 
FOR STRATIFICATION* 


By M. V. JAMBUNATHAN a 
University of Mysore 


oncy of the double sampling design is given in this 
the conditions under which this design is more 


cd in algebraic form. 


SUMMARY. The formula for the effici 
note in terms of the population parameters and 


officient. than simple random sampling have been stat 


1. INTRODUCTION 

The theory of the method of double sampling for stratification was first given by 
Neyman (1933). According to this method, the large sample (or the first stage sample) serves 
as a basis for stratification of the population according to the value of anauxiliary character x, 
and at the second stage, stratified sampling is adopted for measuring the principal character 
yin a subsample, and then the population value of y is estimated. Neyman has also worked 
out (under certain simplifying conditions) the optimum allocation of the sampling units to 
give the limiting conditions for this 


the large and small samples. He does not, however, 

sompling design to be more efficient than simple random sampling, and just mentions that 
. 
the one or the other method should be taken only after knowing by 


the decision to use 
the variances under the two methods. 


numerical substitution, 
the formula for the efficiency of the double sampling design is given in 
nd the conditions under which this design is more 
Deen stated in algebraic form. Taking the cost 
€ Unity, and the cost of a single measure- 
for the efficiency E of the design relative 


Tn this note, 
terms of the population parameters, @ 
officient than simple random sampling have 
of a single measurement of # in the population to b 
ment of y in the i-th stratum to be ¢#, the formula 
to simple random sampling is expressible in the form 


2 


1 Vu = 44 ডু 
5 V iran) Cr © 

C= XY Pic} is the average cost of a single 
is the weighted sum of the strata standard 
to the product of ci and the corresponding 


The use of the double sampling 


ariance of y in the population, 


where o? is the 
ation, Ge= 2 Picici 


measurement of y in the popul ন 
deviations c's, the respective weights being equal 
stratum proportion Pi, and is the correlation ratio of Yon. %, 2! ! : 
design with stratification will therefore result in gains ify < C—a.lo, and will result in loss 
sui the reversed inequality holds. When the c;'s are all equal, the common value becomes 
C i ejohted Sum Te becomes equal to CO, where 7 is the weighted average of the 
ni be 4" ; ti the weights Deing the stratum proportions. The efficiency 
stratum standard deviations, " ght 5 
relation 


Z is then given by the , 


{3% 


dian Science Congress, 1957. 


44th Session of the In 
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2. THE ESTIMATE AND ITS VARIANCE UNDER DOUBLE 
SAMPLING FOR STRATIFICATION 

The technique of double sampling, ( 
is used extensively in sample surveys 
This method of double sampling is o. 
character y, when an auxiliary 
and inexpensive to measure. 
the auxiliary character x alon 
used to establish a relation b 
relation, a suitable estimating 
pal character y in the populati 
gression of y on zx, etc. 


Or two-phase sampling as it is sometimes called) 
Qs a measure of increasing the precision of the SST e. 
f great utility for estimating the population value of a 
character « correlated with 
4 large prelimin, 
€ is measured. 
etween x 


Y is available, which is easy 
Ary sample is selected at random. wherein 
The information furnished by the sample iB 
and y in the population; then depending on this 
formula is employed for estimating the mean value of the princi- 


be the ratio botween « and Y, or the re- 


Ary sample is used to obtain the nature 


Ar, to stratify the population according to 


sidered by Neyman (1938). In applying 


this method, we conside ariation of x as being 


from ty to xi, x, to 2, ..., tj to %,. Let Ti be the part of ft 
individuals for Which 2; _, <<, fori= 12.20 
of the Population. Let the Proportion of the ind 
be Pit 


T the range of v. divided into s intervals, namely, 
he population 7 composed of the 
This may be called the i-th stratum 
ividuals of zr belonging to i-th stratum 


The first sam 


ple of size n is the simple 1 
ASsumed large, 


andom sample of the population which is 
is sample, the 
} duals fall into the i-th 
: | An unbiased est @ Variance equal to PiQiln, 
+4. Also cov(p;, p,) = =PiPjhn. ple is a stratified random 
Sample of size m (Say), when measu Among the n, elements of 
Stratum 1, we draw at random 5 | 


S 2 these 
elements be Yi for i= 1,9 ahaa on es values of the 
for the several Strata in F AP ee GI 


The second Sar 
tements of y are taken. From 


a subsample of m; elements; let th 
2:..,8; J = hs 


the populat; be J i: Tf the means of Y 
1 Pulation be Sr HEE 5 
In the population be ¥, then 5 1t=1,2,...,s, and if the overall mean of y 
Y= PY, f L021) 
An unbiased estimate Of Y is given by 
Y= b>) Dili, (2.2) 
h j mj 
Where ” 
SR 2 Vij, 
Es 
the Sample mean for the i-th Stratum. The Variance of this esti ts 
"TUS CS Imate is 
Hy Sot (P20) 1 
a) ) le 02.3) 
Where cf is the variance of Y in the i.th stratu OF 
means. End 09 Hs he Variance between strata 


nm 


A NOTE ON THE EFFICIENCY OF DOUBLE SAMPLING FOR STRATIFICATION 


3. OPrTDMUM ALLOCATION UNDER DOUBLE SAMPLING 


at the cost of a single observation of y is the same for all 
allocation for this sample design. But we may 
assume that the cost of a single measurement of y varies from 
a single measurement of x is constant. Then it can be 


timum allocation of the sampling units to the large 
etermined approximately by the 


On the assumption th 
strata, Neyman has obtained the optimum 
take a more general case and 
stratum to stratum while that of 


shown (Jambunathan, 1953) that the op 
sample and to the different strata in the subsample is d 


equations 
PijcilmiV di = c/n bd, 2 (8) 


leading to the explicit solutions 


Dy Livi. Ly Tk 3.2 
ty = Sf he = = (8.2) 


where S = (SPiciVa)-FooVb, and To is the budgeted cost, excluding overheads. 
approximate, since, in deriving them, the 


and (3.2) given above are 
d as being small. The minimum 


e denominator have been neglecte 
3.2) is then approximately given by 


The relations (3.1) 


terms containing nmi in th 


variance under the allocation ( 


82 [Piva + oi (3.3) 

Vmin = TF MIE qT ag হে ee e 
0 0 

or, the between and within strata variances are such as to make ola; > c#lb, 

f ni; for the i-th stratum is less than mi. In that case, there 

and all the ni individuals falling into the i-th stratum during 

nto the second sample; as & consequence, optimum 


Tf howev 

then the expected value 0 
is no subsampling in stratum 1, 

the first stage of sampling are included i { : 

a should be re-worked as in the case of ordinary stratified 


allocation to the remaining strat h ; t f 
random sampling (Jambunathan, 1953, P. 38). A fuller discussion of this special case is 
contained in a paper presented by the author to the 45th Session of the Indian Science 


Congress, Madras (Jambunathan, 1958). 


UBLE SAMPLING DESIGN 


4. RELATIVE BFFICIENCY OF THE DO 


and the natur 


e of the function for Vmit, &nd to compare its value 


dom sampling, let us put a; = bef; 


In order to underst 
¢# times the unit cost of 


f the variance of the estimate under simple ran ! 
st of measuring Y in the i-th stratum 1s 


2 then be written a8 


with that 0 


that is to say, the unit co! 


The minimum variance car 


nw (ED) 
(4.2) 


measuring Xt. 
VTuin = O02 PicioiF To*ITo 
= U.P ITs 

on x, Md Ge = SPicic. Thus the efficiency of the design 
and the method has the advantage of being more 


ure of the regression of y On % is made. We 
gn relative to simple random 


where 7 is the correlation ratio of Y : 

is dependent upon the correlation সকল ; 
ion regardi nat 

general, since nO assumption regarding ti ক? j iio 

shall now obtain an expression for the efficiency 

sampling. 
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i y J f the 
When 2 simple random sample is employed to estimate Y the expected Te 
cost of including a Single element into the sample would be « = 5 Pia. ee Fr a re) 
্ sete S 
average, T,/a elements could be included into the random sample for the same buc Eg 
{at 0 


RE | ie sample 
T,, and the value of the variance of the estimate of ¥ Obtained from such arandom sat 1 
0’ 
would be given by 


] ARETE =bid 4.3 
mn = ac*/T, = b C202, ce (04.3) 
Where C? denotes the ratio of a to b. 


Tf the relative efficiency of the double sampling design 
compared to simple random sampling 


be denoted by BE, we have 


(4.4) 


ill, on the average, result in gains if UE <1, 
ise. Taking all the ci's to be equal fo 
C, the expression for the reci- 


thatis, ify < O—a./o, 
each other, the common 


Where G5 is the wei 
Portional to the st 
gains if 


ghted Average of the Stratum 


standard deviations, the weights being pro- 
Tatum sizes. 


In this case, the above double sampling design will lead to 


1 < O(1—c/o) orif > (1 — s/o), 
and will lead to loss if 


< (1 — fo). 


These results indicate that the efficie; 


The author w 


ishes to express his thanks to the r 
Institute for some of the suggestions 


Ng the paper, 


efere 


© of the Indian Statistical 
for revisi, ' 


NEvymnay, J. (1938): Contribution to the theory of sampling human 
38, 101-116. 
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ON THE STANDARD ERROR OF THE LORENZ CONCENTRATION RATIO 


By N. SREENIVASA IYENGAR 
Indian Statistical Institute, Calcutta 


SUMMARY. In this paper a large sample expression is derived for the standard error of the 
Lorenz concentration ratio on the assumption of log-normality and an empirical investigation is made to 


test the equality of two Loronz ratios obtained from two interponetrating sub-samples of the National 


Sumplo Survey. 
1. INTRODUCTION 


The object of this paper is to provide, on the assumption of log-normality, a large 
showing that its sampling distribution is asymptotically 


sample test for the Lorenz criterion by 
normal with its mean at its true value and variance involving the standard deviation of the 
A test of significance is also provided for the difference between 


log-normal distribution. 
erically illustrated with respect to data on consumer 


concentration ratios and is num 


cxpenditure in India. 


2, THE LORENZ RATIO 


In order to avoid the graphical calculation of the Lorenz ratio various theoretical 


s have been attempted from time to time since the Pareto’s law of incomes. 
(1957) have recently considered log-normal description for the 
Pareto’s and in the former case they have given expression 
for L, the Lorenz ratio, in terms of the standard deviation of the log-normal distribution. For 
however, we shall define L for the concentration of the consumer 


purposes of completeness, 
assuming that the per capita consumption expenditure (2) obeys 2 log-normal 


an 0 and standard deviation A, i.e. 


= (-: [) 
—-€ A 


ft, 0,0) de = 


approximation: 
Aitchison and Brown 


distribution of incomes along side 


expenditure 
distribution with me 


2 
) dt, 0<T<O a5 2) 


and having the mean, c9TEN , and variance, e207 (e* —1). 
Let pl) be the proportion of persons having a per capita expenditure not more than 
% each and g(x), the proportion of total expenditure of these persons. We have 


2 


Mt) = || fa; 0, Ade 

0 

t Ld 
q(t) = || afle; 0, Ade = | af; 0, Ade 

0 [) 

which simplify respectively to 
;— log s—0 j 

soit LE =e A) te Bd 
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where 9 is defined by 


L = 3h 2.8 
= | ত ce (2.3) 


্ 3 টি sUrVe in 
Equations in (2.2) represent the parametric equations to the concentration curve 


5 ; ical axis. Elimination of 
Which p is measured along the horizontal axis and 4 along the vertical axis. Elimination 


% between them often leads to explicit equation of the concentration curve of the ") 
T.= hp). The Egalitarian line or the line of equal distribution is defined as the diagonal, 
PD = 4, on the concentration diagram. (See Figure 1 on DP. 876). 


’ . ্ে p টী Cat 0 PASUTC 
The area between the Egalitarian line and the Lorenz curve is taken as a measur 
entration. The concentration ratio is defined as twice 
take values between zero and unity. 


equal distribution and, therefore, the c 


of cone this area in order that it may 
Since p > q the Lorenz curve lies below the line of 
oncentration ratio L becomes 


L 


I 
i 
[ 
b 
~> 
KS 
5 


1 
where 


4= [ dp. ves (245) 
i) 


The integral in (2.5) 


‘can easily be Worked out by 
in (2.2). That is 


putting log —0 = At and using the relations 


EE Ta ei gw 2.6) 
Ea LV u ্দ dt EE 


which is simply the probability 


that the difference টে 
ts are any two independent 0 


—%s does not exceed —A where zx, and 
bservations from the unit normal distribution. Now since 
t1— 2 has a mean zero and standard deviation V2 the Probability is simply ( - ) in the 

5 
notation of (2.3). Hence we have V 


1 


Te 197 =) 


=% (+ 55 )-! &.) 


which is a function of A alone. 
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ON THE STANDARD ERROR OF THE LORENZ CONCENTRATION RATIO 


3. THE ESTIMATE OF L AND ITS STANDARD ERROR 


It is easily seen that Lis a continuous function of A and its derivatives are al 
. i থর y বং i 1 $ ; ৰ 
continuous. Under these circumstances the maximum likelihood estimate of Lis simpl 
Py 


WO rj PT nei 1 * HH D s. [2 - .- 
provided by replacing A in equation (2.7) by its maximum likelihood estimate A. Moreover 


a 
Lb, the maximum likelihood estimate of L, has an asymptotic normal distribution with 


mean L and variance given by 


SR A2e HP 
VL) = 
(LL) = Tn axe. (350) 
Taking positive square roots on both sides we have 
hi 
+ e 
s.e. (L) = oR ix! (3:2) 


This is calculated by first computing Ayn and multiplying it by the ordinate corresponding 
ত nit 

to A/V of the u normal eurve. 

For a groupe tedious to apply the maximum likelihood 


d frequency data it is rather 
method of estimation since iduals generally is not available. In such 


information on indiv 
hods of estimating A based on 


one of a number of simpler met 
For example, it is easy to see that at the mean per capita 


( BE ) so that pq = 1. The latter is the other 


cases one may follow any 


the empirical Lorenz Curve. 
a A 
expenditure, p = (5) aml d=? 
and the abscissa corresponding to the point where it inter- 
jduals who are below the average per 


Tf this proportion be po then the value of Ais simply 210 where 0 
Tt is not known whether this method is a good approximation 
to the maximum likelihood method from ungrouped data. ‘The expression (3.2), therefore 

If, however, one follows the maximum 


restimate of the standard error. 
obit analysis the above 


hod for grouped data as is the practice in the pr 
ce lower bound to the true expression for standard error; 


ce due to loss of efficiency by grouping. 


diagonal of the Lorenz, diagram 
sects the Lorenz curve gives the proportion of indiv 


capita expenditure. 
satisfies ths relation 7 = #(). 


gives an unde 

likelihood met 

expression will be @ very clos 

there will still be sume differen. 
4. A TEST FOR EQUALITY OF CONCENTRATION 

ion ratio and its sampling 


on that Lorenz concentrat 
ibution but independent 


terms of the variance of the log-normal distr 
Therefore, any statistical test for the significance of the 
est for the significance of the standard deviation 
jthms of the expenditures, having @ normal distribution. More 
es from which the concentration ratios are estimated, 

and hence for consistency of the different sources. 

ve the variance parameter, namely, Ais estimated 


We have seen in the previous sect 


error can be measured it 
of the location parameter. 
concentration ralio is equivalent to the t 
computed from the lozar 
generally, if there are two 
& test can be provided for 
From the concentration curves for eac 


or more Source 
their equality 
h source t 
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as in section 3 and Bartlett's test is employed for the equality 


of several variances. In 
the case of two sources, as for example, two sub-samples in 


any survey, the problem is quite 
simple. For in this case an exact test can be performed on the 1 


atio Az/Ag by entering in the 
F-Table with appropriate degrees of freedom. 


However, in large Samples we can use 
. A A 
normal test for the difference, (log A,—log A). 


5. A NUMERICAL ILLUSTRATION 


For purposes of illustration we consider the fol 
(1953) “Science and National Planning.” 


independent Sub-samples of the National 


lowing table chosen from Mahalanobis's 
The two independent sources refer to the two 
Sample Survey. 


TABLE 1. CUMULATIVE PERCENTAGE OF EXPENDITURE IN RUPEES 
ITEMS : ALL INDIA (RURAL : 


OF ALL” AND URBAN) 19 


306 
Em 


L cumulative cumulative 
expenditure percentage of 
class Rs. (2) 


Average 


percentage of expendituro 
total number expenditure on in Rs. 
of persons (9) ‘all’ items (9) 
8.8. 1 8.8. 2 8.8. 1 5.8.2 
(1) (2) (3) (4) (5) (6) 
{ হং 
1. 0—8 13.84 14.18 4.67 4.73 6.26 
2. 811 31.52 31.12 13.55 13.26 9.41 
3. 11-13 43.62 42.50 21.38 20.45 11.98 
4 19-15 56.65 51.74 28.293 27.71 13.96 
5. 15—18 64.17 63.33 38.57 37.20 16.49 
6. 18—21 73.61 70.32 48.59 44.36 19.54 
7. 21=—24 79.36 18.63 55.62 54.19 22.51 
8. 2428 5. b ! 
85.93 53.14 64.78 60.33 25.79 
9. 2834 90.28 ল 2 
89.12 71.85 70.10 30.68 
10. 34—13 95.31 93.7 2,17 
3 )3.79 82.17 79.36 37.72 
1. 4355 97.08 97.19 86.85 87.69 47.24 
2. 55 & over 100.00 
1 J & Over 0) 100.00 100.00 100.00 100.00 
allfclasses — —- 
18.74 
Enno CEE 


———————— 


ন 
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Concentration curves are drawn for both sub-samples taking cumulative percentage 
of total number of persons on the horizontal axis and the cumulative percentage of 
expenditure on “all” items on the vertical axis. ‘The curves are sufficiently close to each 
other and one would naturally feel tempted to conclude that the two sub-samples are not 
inconsistent as shown by the area between the thick line and the dotted line (Figure 1). 


For estimation of A two perpendiculars are dropped from where the two curves 
intersect the diagonal opposite the Egalitarian line. For the sub-samples 1 and 2, the 
corresponding abscissae are found to be pi, = 0.6212 and p,= 0.6216, which correspond 


to the mean expenditures in the two sub-samples. 
The A's are immediately calculated from the relation, A = 2/-1(p) where ¢—!(p) is the 


standard normal deviate corresponding to p. In the present example we have টী) =0.61838; 


and A, = 0.6194. 


Before proceeding to the estimation of the Lorenz ratio and its standard error we 


shall first examine the adequacy of the log-normal hypothesis. This is done by plotting 


the -probit of p defined by 


D2) = #() (5.1) 


For both sub-samples 1 and 2 resulting graphs are almost straight 


against £ = log. 
however, presented in the following scheme. 


lines, The necessary computations are, 


CUMULATIVE PERCENTAGE OF PERSONS 


TABLE 2. 
cumulative 
proportion Hl 
per capita less than of persons loge Le LEE AME 
Ese) ee 8.8. 1 8.5. 2 5.8. 1 8.8. 2 
) (2) (3) (4) (5) (6) (7) 
ae ee a TE 
ET 8 0.1384 0.1418 2.0794 —1.0893 —1.0714 
8—11 11 0.3152 0.3112 2.3979 —0.4817 —0.4930 
11-13 13 0.4362 0.4250 2.5649 —0.1611 -—0 1891 
13—15 15 0.5665 0.5174 2.7080 0.1662 0.0426 
15—18 18 0.6417 0.6333 9.8904 0.3638 0.3398 
21 21 0.736] 0.7032 3.0445 0.6311 0.5330 
a to 94 0.7936 0.7863 3.1780 0.8204 0.7926 
A 28 0.8598 0.8314 3.3322 1.0758 0.9581 
i oy 34 0.9028 0.8912 3.5204 1.2988 1.2319 
্ 43 0.95381 0.9379 3.7612 1.6747 1.5382 
2 চট ADE 0.9719 4.0078 1.8957 1.9110 
000 1.0000 


0 
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The graphs are drawn for both sub-samples 1 
sample 1 and thick line for sub-sample 2, and taking 
vertical axis. 


and 2 using the dotted line for sub- 
£ on the horizontal axis and 7 on the 


100 
SUB - SAMPLE 1 oc 
BUD SAMPLE @ amma 


so af 


[*) 10 


20 30 40 50 


[-) 
60 70 Bo 30 100 


=» 
Lorenz curves of total expenditure 


Figure 1, 


Ee SOE EEE EE SE 
SEEN 


ON THE STANDARD ERROR OF THE LORENZ CONCENTRATION RATIO 


It will be seen from Figure 2 that the graphs, besides being approximately linear 

. 5) « a) 

are not too divergent, suggesting thereby that the two sub-samples are probably consistent 
This point will be examined later. However, Table 3 is given below to show the adequacy 


of log-normal fit in both cases. 


TABLE 3. THEORETICAL PERCENTAGE DISTRIBUTION OF 
LOG-PER CAPITA EXPENDITURE 


percentage 


log-per capita 
expenditure 5.5. 1 8.5. 2 


theoretical actual theoretical actual 


2.0794 13.98 13.84 14.35 14.18 


2,8 2.3970 14.73 17.68 14.75 16.94 
3. 2 2.5649 9.89 12.10 9.85 11.38 
! 2.7080 9.15 13.03 9.17 0.24 
5.2 S904 IL. 7.52 11.65 11.59 
6. 2.8004—3.0445 9.35 9.44 9.25 6.99 ২ 
Ti 3.0445 — 3.1750 7.24 5.75 ky TE Sf BRL 
8. 3.1780—3.3822 7.07 6.57 7.01 4.51 
9. 3.3322—3.5264 6.76 4.35 6.72 5.98 
10. 3.5264—3.7612 5.22 5.03 5.24 4.67 
11. 3.7612— 4.0078 2.59 LaF 2.91 3.40 
95 2.92 2.03 2.81 


12. 4.0073 and above Ll 
100.00 100.00 100.00 100.00 


d the assumption of log-normality we next estimate 


Having now examine d 
i Patios ‘(i= 1.2) using the relation Li=?2 ( Res. 2 ) যা 
the Lorenz concentration ratios, Li (i=l 2) using , Li 0 7 


Substituting the values of 1 and A; we have at once L, = 0.3355 and Ls = 0.3386 so that the 
্ bo) 
yy CUrVeS iS 0.0016, being half of the difference between Li 


area between the two concentratio’ 
0.00317 and 0.00325 respectively. 


1 standard errors are found to be 


als is large it is enough to employ the normal 
centration ratios). We 


and Ly Finally thei 
(7023) of individu 


Since the sample size 
) the variances (and hence cor 


test for examining the difference i 
—log A2) which simplifies to 0.5865. The 


difference, V 7023 (log A 
therefore, it will be concluded that 


now compute the positiv 
- rve is about 1.96 and, 
Jes is not significant on the 5% 


upper 23% of the unit normal eu 


i y SW 2 Ap 
iffe € i cent’ et ween. the two sub-san 
the difference in co ntration b 2 J 
level T th words, We do not have evidence to doubt the consistency 0 the two 
vel. n other Words, ) f 


i + provide @ valid estimate of the concentration ratio. 
sub-samples in as far as they prov ide @ Vv 

The NSS (National Sampl 
involving Str 
The use of 7023 as 
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to select households through a 
age sampling and selection 
therefore open to 


e Survey) practice is 
i i atification, multist: 
rather complicated design, নল পৰ” শৰ” 


with varying probabilities. 
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serious objections. Tt seems, however, that the conclusion in the present case st 
con very strong grounds. If one assumes, ie cesta hie 
samples behave like a random sample of size, Say 1, for purposes of sy fe | 
distribution of Persons over the per capita expenditure groups, then bviously Is ্ 
the effective sample size cannot Seriously exceed 7023, as a matter of factit is pel 
to be very much lower. In Amy case » cannot exceed 82,000 [= 7023 (1.96--0.5865) ] 
80 that the criterion, Vn (log AL 
is not statistically significant.* 


STATISTICS [ PaRTs 3 & + 


ands 
@ rough approximation. that the NSS 


—log Ay) is less than 1.96. In other words, the difference 


6. CoxcLustox 


obey log normality, 
Should not be ignore 
the data were not 


at the underlying distributions 
theoretical considerations which 
Thus, the results could he misleading if 
It is actually necessary that e 


ach individual he 
This is Perhaps far from true for 
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ON A PROBLEM OF ESTIMATING IN CREASE IN CONSUMER DEMAND: 


By N. SREENIVASA IYENGAR 
Indian Statistical Institute, Calcutta 
ct of changes in concentration of income of individuals 


os and luxuries. It is shown that, for 
istribution in the direction of 


SUMALARY. ‘This paper studies tho coffe 
on the projection of future levels of consumption of both noecessari 
does not take into account the changes in the income d 
to underestimate tho need for necessary goods and services. This and a few 
of the income distribution and 


voxumple, if ono 
Egalitarionism ono is likely 
other results avo derived under 
the Engol elasticity for all incomes. 


the assumptions of log-normality 
vonstaney of These results are numerically illustrated from the 


Indian National Sample Survey data. 
1. INTRODUCTION 


Under a planned programme of governmental investment the real income 
s normally expected to rise. ‘The rise in real income will, in turn, 


of individuals i 
goods and services. Unless the productive 


lead to increase in demand for consumer 
forces in the country are mobilised to meet the increase in demand, even partially, 


and ultimately result in serious inflation—a situation which is 
other reasons estimates of expected increase in 


te useful in planning. 


prices may sour up 
For this and for 

1 of different items are qui 
y individuals at different levels of income is 
assumption is made that when an individual moves on to a higher 
income group, his pattern of expenditure would tend to be the same on am average 
ho already belongs to that higher income group, it is possible 


as that of an individual w 
to estimate the expected increase in demand for any given change in the distribution 


undesirable. 
consumptior 
If the pattern of expenditure b 


lnown and the 


of income. 


Tn India, however, 
consequently we are tempted t 
for income. This is to a considerab 
capita saving is negligible. There exists a wealth of dat 
since the emergence of the National Sample Survey (NSS) in 1950-51. 


A general formulation of this 


complete data on incomes are not available and 


0 use data on overall consumer expenditure as proxy 


Je extent justified since in India the average per 
a on consumer expenditure 


problem was given by Roy and Lahea 
ed constant elasticity and Pareto’s form for expenditure distribution 
ase in demand of certain goods, using material collected 
Roy and Dhar (1959) tried, in addition 
quist's forms for Engel curves and the 
al hypothesis for the distribution and estimated the relevant parameters from 


1 round materials of the National Sample Survey. They derived formulae 
gj Jemand due to infinitesimal changes in the parameters, 


(1959) who assum 
in estimating the relative incre 
from the fourth round of the NSS. Later 
to constant elasticity curves, several of Tom 


log-norm. 
the seventl 


liminary Conference of the Indian Members of the 
Calcutta, on 28 January 1960. 


for estimatin 


g increase in C 


t theo Pre 
tistical Institute, 
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ing Engel 
but did not derive any actual estimates. A graphical method of computing F [ন 
Ut di ] g ত AE 
elasticities from concentration Curves was derived by Iyengar (1960) under 
assumption of log-normality of the distribution of expenditure. 


‘This paper assumes lo 
constant elasticity of Engel cu 
estimates of the expected incre 
expenditure under a particul 


g-normality of the expenditure distribution ili 
rves and presents a formula for obtaining numerical 
ase in demand for five different items of consumer 
Ar set of specifications about the changes desired in tls 
expenditure distribution resulting from Eovernmental investment plans. ‘The 


estimates of relevant Parameters are obtained from the National Sample Survey. 
tenth round (December 1955—May 1956). 


2. FoRMvLAatow oF THE GENERAL PROBLEM 
If there exists a set of known relationships between Overall expenditure 
per person on different items of the family budget then it 
may be easy to Calculate the expected increase in expenditure on 
Provided one can assume 


that, for Any postulated distribution of 
fure, such a relationship 


is invariant 
Unaltered in its form although undergo 


any particular item 
the overall expendi- 
and the expenditure d 


istribution remains 
ing some changes in its oe 


Ssential parameters. 
Denotin 

per capita on a p 
and the condition: 


diture per capita and by y the expenditure 
i i S write the marginal 
distribution of % from g(x) to 
Y remains invariant, the 
ita on the given item is given by 


T= 100 [Ege ] 


SEE 2.1) 
Brg) = ! 
where (yg) = fl Y(a)g(a)de (2.2) 


is the average expenditure 


ber capita On th: 
expenditure distribution is 9 


© DParticulap 
(2) and Similarly 


for By gs), 
WMUtonomous plan investment will lead to 
expenditure per co. 

Verall expendityy 


item when the overall 


We shall set down that the 


100 # percent, the inequality being 
specifications it is Possible to calcula 


2 ratio. Under these 
parameters of y and the given propor 


Meters jn g+ jn terms of the 
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3. THE PREDICTION FORMULA 
4 
Suppose we adopt a constant Cit Si i 
Ren a i pt ant elasticity hypothesis regarding the modified 
Fingel curve. That is, we assume, 


Ye) = An TB) 


where 1/ is the expenditure elasticity of the specific item under consideration. Let 

us further suppose that the expenditure distribution can be adequately Eres Gnd 

by @ log-normal distribution with parameters 0 and A (say) and it changes in such a 

manner that it remains log-normal but with different parameters 0* and A*,. In other 
‘ 


Words, / 
= JY log a—0 )* 
| UAN/2m ali { ft ) Ej 
M%)-= 1 _ i 2:50 sn (8-2) 
0 £2 হ্‌ 0. 
This distribution has the mean, E(x) = eT and the Lorenz concentration ratio 


L = 29 ( ) — 1, (Aitchison and Brown, 1957, p. 112), where is given by 


1 — Juz 
%) = || ন * He qu. si (2 


Under these assumptions the expression (2.1) of the last section simplifies to 


I = 100 


F LL IO*2 N22): 
L ele*—8)n +30 Xr | + (8.4)~. 


This result can be established on observing that for log-normal variable the powers 
and multiples are also log-normal (Aitchison and Brown, ‘1957, p. 11) that is, 


Y(a) = Av’ is also log-normal with the mean 
0+ yA: 

BOY lg) = A ee TH, (3.5) 

involves two unknown parameters 0* and A*. However, 

agraph of Section 2 we have the following two 


The expression in (3.4) 
al parameters and the proposed 


under the specifications in the last par 
relations giving 0* and A* in terms of the origin 


values of « and f. 


ee THE (140) gn ক (3.6) 
B= (L=pLE: (3.7) 
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The new parameter A* can be readily computed from the relation, 


টো 3.5 
A* = V2 tig 10) ss (8:8) 


since L* is known as soon as f and L are known. Here tis given by the equation, 
Ht) =k, 0<Ck<I = 0) 
Where ¢ is defined in (3.3) above. Using the result of (3.6) we can simplify (3.4); 


Les (9) = 100 [C(B, 9) (Lay 


b 1 


where C(f, 1) = ell —n) (N22) 


(3.10) 


(3.11) 
-is ultimately a function of 


P and 7 since A* 
is known. 


involves # when the initial concentration 


As a particular case if We assume that the expenditure distribution has 
not changed apart from a proportionate increase in the per capita tot 
Le., if #3 = 0, it follows from (3.11) that the C-coefficients reduce to unity ierrspective 
of whether the commodity is a luxury item or a necessary item. 
(3.10) becomes 


al expenditure, 
In this case formula 


Luo (9) = UWL a1, (8.12) 
@ form which does not r 


equire that tt 
he log 


he distribution of tot 
“normal (Roy and Laha, 1959). 


al per capita expenditure 
It is ec 


ASy to verify the following inequalities : 
Lao (7) <Is (9) ff 0<y<l 
Lo (9) = Tap (9) if tl, 
These inequalities as well as those which 
Observing that by definition 0(p,7) 
it falls short of unity if 7 > 1 (see 


(3.13) 
Appear subsequently 
» for B > 0, exceeds u 
Table 2). 
On the other hand if One were to 
expenditure) is more or less stable through tim 
Slightly changed towards Egalitarianism, one 
necessary goods and 


are easily proved by 
nity if 0. < <1 while 


assume that the 


Average income (total 
e 


and that the income distribution has 
gets a positive increase in demand for 
ies. In Symbols, 


los(m)>0 if 9>0, 


a fall in demand for luxur 
<7 Eli 


lop (y) <0 if B>0, 14> 1. 


It is also interesting to note that 


Lon (9) < Ts (9) 
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irrespective of the nature of the commodity. This result holds even if the income 
distribution has tended to be more concentrated. The decrease in demand for luxuries 
varies with the degree to which they can be considered as luxuries... In other Words, 
if s and s’ are two items of luxury, i.e., 


Teds = 2 
then Ios (04) <lJop (mp) E> >l as 13:16) 


In the same manner we may obtain, for all necessary goods s and s’ for which 
0 < 1s, Ms <1 the following : 


Tos () > Tos (9) HH ps <u we (B07) 


Tf, however, the inequality of income distribution has increased as a result of planning 
(This is a fact not generally welcomed by planners but nevertheless the possibility of 
such an occurrence cannot be ruled out), i.e., # <0, the above conclusions will 
be reversed in most of the above inequalities. In that case we will have the following 
general inequalities : 


Is) <l,o()<l,s() forall 0o<y<l 
lu-p (9) >I) > Ts (0) for all 77> 1. + (8.18) 


If the changes in the income distribution were not ‘taken into account and 
the assumption be made that the incomes of persons would increase by the same 
proportion and that the income elasticity is constant throughout the period of increase 
we obtain a different formula which is used by some practical workers. We shall 
distinguish this estimate and write I* where I* is given by 


Tio (9) = 100 «xn. 3: (8:19) 
Assuming that « is positive it is easy to obtain the following results* : 


Ioo(M)>Ilio() ty>1 
Lol) < Ion) fFOo<y<l (8.20) 


the equality, however, holding when 7 = 1. 

Tt will be seen below from Figure 1 presented in Section 4 by way of 
illustration from the National Sample Survey, that although the estimates Tio deviate 
from Io in the correct direction, i.e., towards Ju, where Bf is positive, these I,o 

0, 


values cannot be taken as substitutes for Ip. 


These inequalities follow from a well known 


#>y>০0. 


inequality : 


man-1 (2—Y) টু am—ym টু my! (—Y) 


this if we put # = I+, y = 1 and m=, 


aac 0, 0r 0 < m<l. In 
3 d by Shri R. Narayanan, 


(3.20). This point was suggeste 
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4. SOME ILLUSTRATIVE EXAMPLES FROM NATIONAL SAMPLE SURVEY DATA 


‘We shall choose for purposes of illustration the following five important 
items of consumer expenditure which include necessaries as well as relative UDRnnits: 
(a) foodgrains, (b) all food, (c) clothing, (d) milk and milk products and (e) MNCs 
and medical services. Their expenditure elasticities and specific concentration ratios 
are given in the following table. 


TABLE 1. MODIFIED ENGEL ELASTICITIES AND SPECIFIC 
CONCENTRATION RATIOS 


item Engel elasticity specific concen- 


(s) (1s) tration ratio (Ls) 
(1) (2) (3) 
(a) foodgrains 0.58 (necessary) 0.21 
(b) all food 0.76 0.28 
(e) clothing 1.55 (luxury) 0.53 
(d) milk and milk products 1.67 ই 0.57 


(e) medicine and niedical services 1.95 


29 0.64 


These ratios and elasticities are computed from the National Sample 


On collected in the tenth round covering the rural and 
roughly correspond to the year 1955-56. The method of 
computation of the Engel elasticities and of the concentration ratios is given in detail 
in an earlier Paper (Iyengar, 1960). These figures are to be taken only as illustrative 


and not as the NSS estimates. Our computations involved the use of a concentration 
Map consisting of specific Concentration curves 


expenditure per capita. The specific concentr 


the Lorenz ratio, as twice the areas bound by the co 
tarian line and these ratios may 


whether they 


€ defined, in analogy with 
ncentration curves and the Egali- 
: be used in characterizing commodities according as 
Are necessaries or Iuxuries. Under the Assumptions stated in Section 8, the 
specific concentration ratio Lis oiv 2 Am i ici 

D s 1S given by 20 a I where 7, is the Engel elasticity 


of the specific commodity s. The Lorenz 1 


atio L is, of course, defined earlier and 


ক ) 1. The item s is a Necessary if L, < L, and a luxury if Li >= TDs 


ha, 1959). For instance 
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the first two items of Table 1 above are necessaries for which the concentration ratios 
are less than 0.36 and the last three items are luxuries since their concentration ratios 
exceed 0.36. 

The above ratios may be empirically computed independent of the 
assumptions regarding the distributions. Thus, if pi; be the proportion of population 
whose per capita total expenditure does not exceed z;, the latter being the upper value 
of the i-th total per capita expenditure class, qi and Q; be the corresponding proportions 
and specific commodity consumption respectively by the above 


of total expenditure 
then the specific concentration ratio is 


stratum of population, (= 1,2, ...,m, say) 
approximately given by 


Be = I= ঠঁ (pi—PiMQi+ Qi) nc (61) 


where (po, @o) = (0, 0) and (pm, Q,) = (1,1). ‘The Lorenz ratio L is computed in the 
same manner using qi in the place of Qi. If we now make the assumptions of 
Section 3, we may define k = 1(1--L) and k, = HIU+FL). Then Ais given by the 
standard normal abscissa corresponding to hk, regarded as an incomplete probability 
integral, and the Engel elasticity Ms of the specific commodity sis given by dividing 
the standard normal abscissa corresponding to ks by A. This method is slightly 
different from the one proposed elsewhere (Iyengar, 1960) and is not used in this 
paper although the former method appears to be intuitively better. 

The several assumptions made in Section 3 have approximately been 
here to be empirically true. (See Iyengar 1960 and 19602; and Roy and 
d from an analysis of data on consumer 
aining to the period (December 1955 


shown elsew. 
Dhar, 1959). In fact, it has been foun 


expenditure in rural and urban areas of India pert 
—May 1956) that the expenditure distribution can well be described by a log-normal 
ard deviation (2) of 0.66 which gives a Lorenz ratio 


hypothesis with a relative stand: 
of 36 percent. This distribution is diagramatically represented in Figure 2 


(Appendix) corresponding to B= 0. The changes in the distribution have been 
indicated by shifts in the Lorenz curve brought about by assumed changes in the 
level of inequality of incomes (total expenditures). Six different alternatives are 
considered as the likely increase in the average per capita expenditure and five 
distineb values are assumed for the changes in the concentration of income 
distribution. The constants associated with thé expression for the percentage 
ut in Table 2. 


increase in demand have been set 0 
) FOR DIFFERENT VALUES OF B AND 


VALUES OF C(B,1 


TABLE 2. 


proport ionate reduction in concentration ratio (B) 


item BULA 5% 5% 10% 15% 20% 
1.0154 1.0201 


t 0.9938 1.0053 
(e) et 1.016 1.0150 


5 

b 0.76 1.0040 

(0) 55! 0.9816 0.9477 0.9329 
(a) 1.67 0.9759 0.9278 0.9128 
(0) 1.95 0.9604 0.8898 ~ 0.8598 


385 


Vor..22]  SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ PAaRTs 3 & 4 


Using Table 2 we construct Table 3 giving percentage increase (or 


decrease) in demand for the five items under different sets of specifications regarding 


changes in the overall expenditure and concentration. 


TABLE 3. PERCENTAGE INCREASE (OR DECREASE) IN DEMAND PER CAPITA 


Percentage 


Percentage decrease in Lorenz ratio (1008) 
increase in 
item per capita —ঠ 0 5 10 15 20 
total expen- 
diture (1002) 
(1) (2) (3) (4) (5) (6) (7) (8) 
(a) foodgrains 0 ~0.6 0.0 5 Ll 1.5 2.0 
5 al 2.9 3.4 4.0 4.5 t.0 
10 5.0 5.7 6.2 6.8 ধ 7.8 
15 7.8 8.4 9.0 9.6 10.1 10.6 
4 20 10.5 11.2 fs RS 19:3 12.9 18.4 
25 18.1 13.8 14.4 15.0 15.6 16.1 
(b) all food i) 0.5 0.0 0.4 0.8 12 1.5 
5 3.8 3.8 4.9 4.6 5.0 5.3 
10 7.0 7.5 7.) 8.4 8.8 ps1 
15 10.7 11:2 11.6 Tl 12.5 12.9 
20 14.3 14.9 15.3 15.8 16.2 16.6 
25 17.9 18.4 18.9 19.4 19.9 20.8 
(e) clothii 
“ৰ টি 2.2 0.0 1.8 =3:6 =5.2 6.7 
5 10.2 ki 5.9 4.0 22 0.6 
“ 18.4 15.9 13.8 LL? 9.0 8.1 
Bo 26.9 24.2 21.9 190.7 PLS 1551 
ন 85.5 32.7 30.2 27.9 95.7 23.8 
£5 44.4 41.3 38.7 36.2 83.9 81.8 
(d) milk and milk Products 0 
9 
a Ee 0.0 =2.4 =4.7 —7.2 =. 
io Sn 8.5 5.9 8.4 0.7 —I0 
C es So 378 14.4 Tf. 8.8 7.0 
tr os 20:2 23.1 20.2 H.1 15.2 
রি হৰ 38:6 32.9 290.9 25.8 23.8 
bs 45 41.6 38.3 34.7 32.5 
(e) medicine and medical 0 4.8 A 
Services [+ 15.8 ee 0) 7.5 —11.0 —14.0 
i, - 5.6 Li 2 =5.4 
26.2 20.4 J. 
15 y 15.7 La: 7.2 ‘3.5 
37.6 31.3 26.1 6 oe 
90 40.5 £6. 21.5 16.9 12.9 
ei? 42.7 37.1 2 
25 619 i 7. 2.0 SD 29.7 
I. 48.4 42.9 37.5 32.8 


The interpretation of Table 3 is quite clear. For 

that the average income (total expenditure) Per capita increa, 

‘ concentration of incomes Becomes lower by 5 
person for foodgrains, clothing and medicine 


instance, assuming 
Ses by 15 percent and the 
Percent, the increase in demand per 


Are 9.0, 21.9 snd 26.1 percent respectively. 
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If one did not consider the effect of changes in the Lorenz ratio one would get 
S.4, 24.2 and 31.3 percent for the same items. In the latter case, the demand for 
clothing and medicine is to some extent exaggerated (by 3 and 7 percent respectively) 
while the demand for foodgrains is slightly underestimated (to the extent of 0.6 percent). 
It is shown in Section 3 that, in general, if we do not take into consideration the changes 
(towards Egalitarianism) in the distribution of incomes (total expenditures), the 
demand for necessary items would be underestimated and that for luxuries it would 


be somewhat overestimated. 


If we do not consider the possibilities of a rise in the average level of 
total per capita expenditure, even then it is possible that the demand for necessaries 
augments under a more even distribution of incomes. For example, in the case of 
consumption of food the demand increases by 1.5 percent if the level of concentration 
is brought down by 20 percent (through taxation or appropriate policies of the 
Government). However, in this situation the demand for luxuries including clothing, 
mill and medical services, would shrink to a far greater extent than would the demand 
for necessaries increase. Medicine and medical services, being the most luxurious item 
among the ones we have considered in this paper, will suffer a loss of demand to the 
extent of 14 percent if the inequality of total expenditures were to diminish by 20 
percent, 

The following table illustrates the difference between estimates of increase 
in demand obtained by rising formulae (3.12) and (3.19) of Section 3. For the sake 
of simplicity, we shall assume # = 0. The estimates Io (7) are given outside the 


brackets, the I*o (7) figures being inside. 


TABLE 4. Io (7) AND I'o() COMPARED 


1000 : percentage incroase in overall expendituro’per capita 


itom 
5 10 15 20 25 
(1) (2) (3) (4) (5) (6) 
(a) foodgrains 2.9 (2.9) 5.7 (5.8) 8.4(8.7) 11.2(11.6) 18.8 (14.5) 
(b) food total 3.8 ( 8.3) 7.5 ( 7.6) 11.2 (11.4) 14.9 (15.2) 15.4 (19.0) 
(e) clothing 7.9 (7.58) 15.9 (15.5) 24.2 (98.2) 82.7:(80) i 


17.3 (16.7) 26.2 (25.0) 35.6 (38.4) 45.2 (41.8) 


ld 

[>] 
[oo] 
ঠ 


(d) niilk and milk products 


(e) medicine and medical i | | 
services 10.0 ( 9.8) 20.4 (19.5) 31.3 (19.5) 42.7 (39.0) 54.5 (48.8) 
Le VICES . ue 
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For necessary goods the difference between these estimates is not serious 
for lower values of « while the gap increases with the increase in the per capita income 
(total expenditure). A similar remark may be made regarding the relatively more 
luxurious items, with the difference that the gaps in these cases are wider. 


For purposes of interpretation we shall produce a few 
in Figure 1 below corresponding to # = 0, # =—0.0 
one from the necessary group and another from th 
show the percentage increase in demand per c 
percentage increase in income (total expenditure) 


interesting graphs 
5 and # = 0.10 for just two items, 
e luxury group. ‘These graphs 
apita on the vertical axis and the 
per capita on the horizontal axis. 
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Figure 1, Percentage Increase in demand per capita 
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ON A PROBLEM OF ESTIMATING INCREASE IN CONSUMER DEMAND 
Appendix 
1. In Section 3 the initial value of L is taken to be 0.36 which, when 


substituted in the relation, L = 2¢ ( A ) —1, leads to A = 0.66. The new values of 


V3 
Lorenz ratios are computed by L* = (1—pf)L. From these the A*’s are computed 
for p 0.05, # = 0 and B# = 0.10 and are presented in Table A.1l below : 


TABLE A.l. VALUES OF NM FOR DIFFERENT VALUES OF B 
——— — — — — — —  — —  — 


1008 Ef XR 
Et = 0.378 টি 0.6972 
0 0.360 0.6600 
10 0.324 0.5910 


100 


i € 40 60 80 100 
os of total expenditure under the specifi. 
=0.10. 


cations 


Figure 2. Lorenz curv 
Fr B = —0.95, B=0 and 
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2. Denoting by p the Proportion of persons whose over 


not exceed a given amount, and by q the proportion of ‘lis tota { a 
community) spent by these persons, the Lorenz curve is drawn by tang sR চর 
horizontal axis and g on the vertical axis. However, when the distribution of overa 


expenditures is known a priori to be log-normal the equation to the Lorenz curve 
may be written as 


[ Parts 3 & 4 


all expenditure does 
1 expenditure (of the 


DE sae = Bl) 


Where A* is the standard deviation of the 
course, defined in (3.9) of the text. 
in Figure 2 


logarithms of overall expenditures; ft is, of 
The Lorenz curves of tot 


al expenditure are drawn 
corresponding to the three distinct v: 


alues of A* given in Table A.1. 
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